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47-83 boulevard de l’hôpital, 75013, Paris,
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Abstract

In this case study, we report the longitudinal and multimodal follow-up of a

catastrophic initial presentation of cerebral fat embolism syndrome. We show

that despite the initial severity, the cognitive outcome was ultimately very good

but with a highly nonlinear time-course and prolonged loss of consciousness

(more than 2 months). Repeated clinical assessments and brain-imaging tech-

niques (electroencephalography, event-related potential, 18-Fluoro-Deoxy-

Glucose-PET and magnetic resonance imaging) allowed us to monitor and

anticipate this dynamic, providing relevant information to guide decision mak-

ing in front of withdrawal of life-sustaining therapy discussions. This case illus-

trates the value of multimodal functional imaging in devastating brain injuries.

Introduction

Fat embolism syndrome (FES) is the collection of symp-

toms caused by embolization of bone marrow fat in the

systemic circulation, typically after multiple fractures of

long bones and pelvis. While systemic fat embolism

events are frequently encountered in this context and dur-

ing orthopedic surgery,1 neurological manifestations, cere-

bral FES (CFES), are rare. CFES is perceived as having a

better prognosis than other causes of cerebral emboli, but

description of neurological outcomes from severe clinical

presentation of CFES remain sparse and poorly docu-

mented in the literature.2

Here we report the first detailed longitudinal multimodal

description of a CFES case with, ultimately, an excellent

neurological outcome despite a catastrophic CFES initial

presentation and a late recovery of consciousness. This

original multimodal approach yielded relevant information

to monitor and anticipate the dynamics of this recovery.

Clinical presentation and diagnosis

A 26-year-old man was admitted in the Intensive Care

Unit (ICU) in March 2017 for multiple fractures of the

inferior limbs after a 20 m-high fall from a roof. The

patient was initially conscious with a Glasgow Coma Scale
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(GCS) of 15/15 without any focal deficit. Upon arrival at

the hospital, he presented hemodynamic shock requiring

intubation, mechanical ventilation support, fluid resusci-

tation, intravenous norepinephrine, and massive transfu-

sion. Once stabilized, that is, 3 h following the trauma, a

whole-body computed tomography (CT) scan imaging

showed complex open fractures of left tibia and fibula,

luxation of left hip, fracture of right femur, and normal

brain imaging. A 10-h surgery resulted in fracture reduc-

tion and osteosynthesis with external fixation (left leg)

and intramedullary nail (right femur). During the surgery,

gas exchange dramatically deteriorated leading to refrac-

tory hypoxemia. Postoperative cerebral and thoracic CT-

scans, performed 16 h following the trauma, showed no

cerebral abnormalities but diffuse bilateral pulmonary

infiltrates comprising consolidations and ground-glass

opacities and bilateral pulmonary embolism. FES was

highly suspected. Fundoscopy showed no ocular fat

embolism at day 3. However, a bronchoalveolar lavage,

performed at day 8 to document a suspected ventilator-

associated pneumonia, showed active alveolar hemorrhage

and fat-containing macrophages confirming the diagnosis.

Cardiac echocardiography revealed no evidence of patent

foramen ovale. After resolution of hypoxemia, sedations

were stopped at day 7, but the patient remained comatose

with a GCS of 5 (E1V1M3) and preserved brainstem

reflexes. The diagnosis of CFES was proposed and con-

firmed by a typical MRI at day 10 showing “starfield”

pattern on diffusion-weighted imaging (DWI)3 in high-

signal associated with large high-signal FLAIR lesions of

the sus-tentorial and brainstem deep white matter

(DWM) and diffuse microbleeds on susceptibility-

weighted imaging (SWI) sequence (Fig. S1). Diffusion

tensor imaging (DTI) furthermore revealed a marked

reduction of fractional anisotropy (up to 40%) mainly

involving the sus-tentorial white matter.

Neurological recovery

At day 10, electroencephalograhy (EEG) showed a slow

(3 Hz) monotonous and nonreactive background activity,

associated with anterior bursts of slow complexes. Patient

emerged from coma at day 14 (GCS = 8/15; and FOUR-

score = 10/16). Although he showed some signs of vigi-

lance recovery with eyes opening, he was still unconscious

according to the Coma Recovery Scale-revised (CRS-R)4:

score = 5/23 1-1-2-0-0-1, corresponding to a vegetative

state (also coined unresponsive wakefulness syndrome -

UWS). He presented severe neurovegetative crises. At day

16, the multivariate classification of EEG markers was also

in favor of UWS.5,6 However, cognitive event-related

potentials (ERP) using the “local-global” paradigm7

showed preserved early cortical responses to sound

stimuli, as well as a mismatch negativity (MMN), and a

faint but significant late P3b component suggesting pre-

served conscious access to auditory stimuli.8 He was

weaned from mechanical ventilation at day 20, but still

required a tracheostomy tube for aspiration and airways

protection.

At day 30, a 18-Fluoro-Deoxy-Glucose-PET (18FDG-

PET) scan showed on visual assessment a diffuse cortical

hypometabolism, mainly of fronto-parieto-temporal asso-

ciative cortices, preserving the primary sensory and sub-

cortical areas. However, the quantitative metabolic index

of the highest hemisphere (MIHH) was 3.34, compatible

with a minimally conscious state (MCS) metabolic activ-

ity.9 Indeed, at day 33, he transitioned toward MCS with

a CRS-R of 10/23 (2-3-2-1-0-2), meaning he showed con-

sistent visual pursuit but no response to command or

verbal response. MRI at day 36 showed a major reduction

of the edematous DWM lesions, persisting microbleeds

and the onset of a global cerebral atrophy. The tra-

cheostomy tube was removed at day 45 and he was trans-

ferred to rehabilitation center at day 50, where he started

exhibiting command following (day 60) and gradually

recovered speech (day 66) and functional communication

(day 72), exiting the MCS condition to a conscious state.

At 3 months, he was fully conscious (CRS-R of 23/23),

although he still suffered from cognitive and behavioral

frontal syndrome with apathy, impulsivity, grasping and

an anterograde amnesia due to encoding deficit. Mini-

Mental State Examination (MMSE) was 21/30 and Frontal

Assessment Battery (FAB) 5/18. Retrograde memory,

speech, praxis and visuospatial functions were quite pre-

served. EEG background activity was reactive but still slo-

wed, in the theta range (6–7 Hz).

At 6 months, he improved further with an MMSE of

23/30 and a clear improvement of the frontal syndrome

as shown by a FAB score of 13/18. EEG was normal, with

a symmetric posterior alpha rhythm at 9 Hz, reactive to

eyes opening and rapid microvolted anterior beta rhythm

(Fig. 1). MRI was similar to the previous one and still

showed some periventricular FLAIR hypersignal as well as

a global reduction in fractional anisotropy. Atrophy was

considered stable (Fig. S2). A second 18FDG-PET showed

a great improvement with near normal metabolism of the

entire brain except for the internal temporal structures

and the cerebellum. MIHH was 5.23, clearly in the range

of conscious and healthy subjects (Fig. 2).

At 9 months, MMSE was 26/30 and FAB 16/18. A full

psychometric evaluation showed a mild dysexecutive syn-

drome with attentional deficits and fatigability. Nonethe-

less the patient was fit to be discharged home and could

resume his social life (meeting-up with friends, having

dinner at the restaurant and going to the movies). At

1 year, MMSE was normal (29/30) and the FAB stable.
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Discussion

The main findings of our report can be summarized as fol-

lows: (1) the time-course of recovery from CFES is highly

nonlinear and can be delayed up to several months; (2)

neurological recovery can be good even in case of a catas-

trophic initial presentation; (3) a multimodal and repeated

approach based on imaging and electrophysiology tech-

niques helps monitoring and anticipating changes in CFES-

induced brain damage to guide decision making (Fig. 3

and Table 1).

Although the prognosis is usually considered better

than other causes of emboli, serious complications are

described (refractory status epilepticus,10 raised intracra-

nial pressure requiring monitoring,11 decompressive hem-

icraniectomy,2 or sometimes resulting in brain death12).

Few publications have studied the neurological and func-

tional outcome of patients suffering from CFES. The lar-

gest series reported overall 7.4% mortality and 72.2%

good outcome2 but with differences according to the neu-

rological presentation. Focal deficits and/or epilepsy with

mild mental status change was associated with 90.5%

probability of good outcome, whereas deep alteration of

vigilance and consciousness up to coma with abnormal

postures, as seen in our case, was associated with only

57.6% probability of good outcome. Moreover, the defini-

tion of “good” and “bad” outcome is often unclear in the

aforementioned cases. To date, there are only two case

reports in the literature assessing cognitive outcome of

CFES using neuropsychological testing13,14 showing some

mild difficulties in frontal function as seen in our patient.

However, they lack detailed description of recovery. We

show that the dynamic of recovery can be delayed,15 and

most importantly extremely nonlinear. Indeed, after

2 weeks of coma, it took another 2 months for the

patient to fully recover consciousness with functional

communication that subsequently led to fast improve-

ment of the cognitive function. This highlights the

Figure 1. EEG power spectral density evolution. Legend. Evolution of the power spectral density of the EEG (log transform, unit log(lV2/Hz))

overt time showed the predominance of slow rhythm mainly in the delta (1–3-Hz) frequency band at D7 and until M1. At M3, the background

rhythm enriched with the diminution of the slow frequency for the benefit of theta (4–8 Hz) frequencies. At M6, theta frequencies left room to a

normal alpha (9–12 Hz) background rhythm. Together with this rapid beta and gamma rhythm power spectra also increased over time probably

due to more muscle artifacts with the patient regaining some mobility. See Data S1. D7, Day 7; Hz: Hertz; M1, Month 1; M3, Month 3; M6,

Month 6; PSD, Power Spectral Density: V, Volt.
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importance of the distinction between alteration of vigi-

lance and loss of consciousness and prompts to carefully

assess the latter, using dedicated scale, such as the CRS-R.

This scale remains rarely used in the literature of severe

brain injury, while it yields more relevant information

about the patient’s condition after the acute phase. Taken

together, the prolonged loss of consciousness and catas-

trophic initial presentation (rapid-onset and deep coma,

extended MRI lesions16 and nonreactive EEG) led to mul-

tidisciplinary discussions in the medical team regarding

withdrawal of care, which was finally not retained consid-

ering the result of functional brain imaging. Indeed, audi-

tory ERP revealed a MMN suggestive of unconscious

processing of auditory novelty which has been shown to

predict awakening,17,18 but more importantly a P3b

evocative of the preservation of high-order cortical struc-

tures and conscious processing.7,8 18FDG-PET also

showed a metabolic activity higher than the behavioral

examination suggested. This outlines the interest of

repeated assessment with combined multimodal tech-

niques based on neurophysiology and neuroimaging in

noncommunicative patients to probe the covert cognitive

function19 and overall brain activity. These techniques

also showed different time-courses that yielded comple-

mentary information to the behavioral assessment in the

dynamic of recovery.

The two mains etiologies of devastating brain injuries

are anoxic brain injury (ABI) following cardiac arrest and

M1 M6 Healthy control

A

L R

P

Figure 2. 18-FDG PET evolution. Legend.18-Fluoro-Deoxy-Glucose Positron-Emission-Tomography (18-FDG PET) evolution between M1 and M6 (left

panel). At M1, the PET showed a diffuse cortical hypometabolism, mainly of the frontal, parietal and temporal associative cortices, preserving the

primary sensory and internal temporal cortices as well as subcortical and cerebellar areas. However, the metabolic index of the highest

hemisphere was 3.34, compatible with a minimally conscious state metabolic activity.9 At month 6, the metabolic activity of the entire brain was

near normal except from the internal temporal lobe and the cerebellum. Metabolic index of the highest hemisphere was 5.23, clearly in the range

of conscious and healthy subjects (example of an healthy control on the right panel). A, Anterior; L, Left; M1, Month 1; M6, Month 6; P,

Posterior; R, Right.
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severe traumatic brain injury (TBI). Neuroprognostication

differs in these two conditions due to very different

dynamic of recovery and overall better outcome of

TBI.20,21 This results in an earlier and more standardized

approach in ABI than in TBI where lesions and prognosis

are more heterogenous and late recoveries are possible.

Recent guidelines on prognostication after ABI provided a

hierarchical and multimodal algorithm22 in which a GCS

motor response of 1 or 2, the absence of corneal and

pupillary reflexes and/or the bilateral absence of the N20

wave on short-latency somatosensory-evoked potential

from day 3 to 5 are predictive of a poor outcome with

Figure 3. Multimodal clinical and brain-imaging dynamic of recovery. Legend. (Bottom) Longitudinal clinical follow-up of the patient’s recovery

according to different scores assessing vigilance (Glasgow Coma Scale), consciousness (Coma Recovery Scale- Revised) and cognitive function

together with pivotal behavior. (Top) Concurrent brain function according to different functional and structural brain imaging techniques

(electroencephalogram, auditory event-related potential, 18-FDG PET-TDM and MRI). bg, background rhythm; CRS-R, Coma recovery scale -

revised; CS, Conscious state; D, Day; DWI, Diffusion-weighted imaging; EEG, Electroencephalogram; ERP, Event-related potential; FAB, Frontal

assessment battery; FLAIR, Fluid-attenuation inversion recovery; GCS, Glasgow coma scale; H, Hour; M, Month; MCS, Minimally conscious state;

MMN, Mismatch negativity; MMSE, Mini-mental state examination; MRI, Magnetic resonance imaging; MV, Mechanical ventilation; PET, Positron-

emission tomography; UWS, Unresponsive wakefulness syndrome; W, Week.
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Table 1. Patient’s clinical evolution over a year together with brain imaging and electrophysiology and potential confounders of consciousness

and cognition.

Time Clinical Neuroimaging Electrophysiology Confounders

D1 Conscious with GCS 15

W1 Deep coma with GCS 3

(E1V1M1) (D1-D7)

Normal brain CT scan normal

(D1)

None Hemorrhagic shock and ARDS

(D1-D2)

Midazolam and sufentanyl

sedation (D1-D7)

Prophylactic amoxicilline-

clavulanate (D1-D4)

Piperacillin-clavulanate for VAP

(D4-D6)

W2 Coma with GCS 5 (E1V1M3)

(D9)

Periventricular DWM

hypodensities on brain CT (D9)

DWI starfield pattern, vasogenic

and cytotoxic DWM edema,

diffuse microbleeds and global

FA decrease on MRI (D10)

Nonreactive EEG with

delta (3 Hz) background

and anterior slow waves

(1 Hz) (D7)

Imipenem (D6-D10) and

meropenem (D11-D19) for VAP

Clonidine (D11-D12) and

levomepromazin (D16-22) for

neurovegetative crisis

Hypernatremia (150 mmol/L)

(D26-27)W3 Eyes opening with GCS 8

(E4V1M3) and CRS-R 5 [1-1-

2-0-0-1] (D14)

Neurovegetative crisis (D16-

D22)

MV weaning (D20)

Central fever (D19-D22)

Visual fixation with CRS-R 9 [2-

2-2-1-0-2] (D23)

None Nonreactive EEG with

slow delta background

but with MMN and P3b

on cognitive auditory

evoked potentials (D16)

M1 Visual pursuit with CRS-R 10

[2-3-2-1-0-2] (D33)

Decannulation (D45)

Diffuse PET hypometabolism

with MMIH of 3.34 (D30)

Regression of DWI and FLAIR

abnormalities, diffuse

microbleeds, global cerebral

atrophy and FA reduction on

MRI (D36)

Reactive EEG with delta

background (D30)

None

M2 Command following (D60)

Speech production (D66)

Functional communication with

CRS-R 21 [4-5-5-3-2-2] (D72)

None None Hyponatremia (132 mmol/L)

(D64-85)

M3 Fully conscious with CRS-R 23/

23

Posttraumatic amnesia and

dysexecutive syndrome with

MMSE 21/30, FAB 13/30 and

GOAT 73/100

Normal DWI, diminution of

DWM periventricular FLAIR

hyperintensities, persistent

diffuse microbleeds and global

cerebral atrophy

Reactive but slowed EEG

background in the theta

range (6–7 Hz)

None

M6 Moderate dysexecutive

syndrome with MMSE 23/30

and FAB 13/30

Normal PET brain metabolism

with MIHH of 5.23

Mild brain atrophy,

periventricular FLAIR hypersignal

and global FA reduction on MRI

Normal reactive posterior

alpha (9 Hz) background

rhythm with rapid

anterior beta rhythm on

EEG

None

M9 Mild dysexecutive syndrome

with MMSE 26/30 and FAB

16/18

None Normal reactive posterior

alpha (9 Hz) rhythm

None

Y1 Autonomous at home with

MMSE 29/30 and FAB 16/18

None None None

ARDS, acute respiratory distress syndrome; CRS-R, coma recovery scale-revised; CT, computed tomography; FA, fractional anisotropy; FAB, frontal

assessment battery; GCS, Glasgow coma scale; GOAT, Galveston orientation and amnesia test; M, month; MMSE, mini mental state examination;

MRI, magnetic resonance imaging; PET, 18-fluoro-deoxyglucose positron emission tomography; VAP, ventilator acquired pneumonia.
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very low false positive rate. If this is not the case, a sec-

ond step relies on less robust markers, that need to be

combined and eventually repeated, such as high serum

neuron-specific enolase, unreactive malignant EEG pat-

terns (status epilecticus or burst-suppression, the prog-

nostic value of isolated discontinuous or unreactive EEG

being less clear) and/or brain imagery showing diffuse

anoxic injury (CT or MRI). Recently, the global FA

proved to be very accurate in prognosing outcome at

1 year of patients still comatose 7 days after cardiac

arrest.23 In severe TBI, prognosis is more heterogenous

and is often delayed by the initial management of high

intracranial pressure (sedation, hypothermia, etc). Classic

early predictive factors are age, initial GCS and pupillary

response, hypoxia and hypotension on admission, mass

lesion, subarachnoid hemorrhage or signs of raised

intracranial pressure on brain CT (Marshall CT class III–
VI) and to a lesser extent, blood glucose, and hemoglobin

at admission. These predictors have been included in a

score which predicts the 6 month Glasgow outcome scale

with acceptable accuracy (area under the curve 0.8).24

Brainstem lesion or diffuse axonal injury on MRI are also

associated with bad functional outcome25 and quantitative

EEG may help but is still an open area of research.26 In

the end, prognostication after severe TBI is more subjec-

tive and heavily relies on the clinical examination and the

dynamic of recovery in the first few days to weeks.

Neuroprognostication thus depends on the underlying

cause of brain injury and some authors have suggested

that withdrawal of care decision should not be made

before 1 month in CFES27 but our case demonstrates

that this delay can be too short to properly assess the

outcome of this complex etiology. In any case, potential

confounders of consciousness and cognitive status (sep-

tic or metabolic encephalopathy, drugs, etc.) must be

taken into account and in face of discrepancies or

uncertainty, withdrawal of care decision should also be

withhold.
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Figure S1. Initial MRI (day 10).

Figure S2. MRI evolution.

Data S1. EEG power spectral density evolution.
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