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Introduction
In the majority of patients who present with altered mental status 

after major trauma, direct traumatic brain injury is the presumed 
insult. When the routine head computerized tomogram (CT) is 
negative with an altered mental status, diffuse axonal injury (DAI) is 
the presumed lesion. The clinical and historical time-line of patients 
with severe traumatic brain injury (TBI) and DAI includes immediate 
altered mental status following the trauma. By contrast, patients 
with altered mental status due to CFES will develop delayed onset of 
altered mental status after an initial period of clear sensorium. As an 
introduction to the topic of CFES, three cases are presented: one with 

very typical history, one somewhat atypical, and another completely 
unexpected. When combining clinical presentation and the 
characteristic changes on MRI, a diagnosis of cerebral fat embolism 
syndrome (CFES) can be confidently made. Otherwise, such patients 
may present with many of the same neurologic signs and symptoms 
as diffuse axonal injury (DAI). The distinction is important, despite 
lack of therapy for either CFES vs DAI, since the prognosis may be 
dramatically different.

Classical Cerebral Fat Embolism
Presenting after placement of intra-medullary rods (ORIF) 
for long bone fractures

19 year old male was admitted to a tertiary trauma center after a 
motor vehicle accident. The mechanism involved a head-on impact 
by the patient’s vehicle into a dump truck. After full trauma screen, 
the injuries discovered were limited to a mid-shaft left femur and 
upper third left tibial fractures. The head CT was negative (Figure 1).

At time of admission the patient was fully oriented, conversant, 
breathing spontaneously with normal laboratory values except first 
measured platelet count of 80 K. He was taken quickly to the operating 
room for placement of intra-medullary rods in the left femur and left 
tibia. Post operatively he was agitated, disoriented, hemodynamically 
unstable, tachycardic and ventilator dependent. CT of the chest was 
negative for bland pulmonary emboli but revealed scattered patchy 
parenchymal infiltrates. Platelet count reached a nadir of 67 K then 
rebounded rapidly as shown in figure 2.

He required ventilator support for three days then was weaned 
rapidly to extubation. Due to a delayed return to normal sensorium, an 
MRI was performed which revealed abnormalities on fluid-attenuated 
inversion recovery (FLAIR), diffusion-weighted imaging (DWI), 
attenuation diffusion coefficient map (ADC), and susceptibility weighted 
imaging (SWI), as described in the caption for figure 3.

Sensorium improved although with mild persistent cognitive 
deficits till time of discharge. He was subsequently discharged 

Abstract
Objective: To review the spectrum of scenarios in which cerebral fat 
embolism syndrome (CFES) may present, the clinical presentation, 
traditional diagnostic criteria, and current diagnostic technologies.

Methods: Three cases are presented representing Classical 
presentation (CFES presenting after Intramedullary rods for long 
bone fractures), Atypical presentation (CFES presenting after 
long bone fractures without intramedullary rods), and Unexpected 
presentation (CFES without any long bone fractures). All diagnoses 
were confirmed with MRI studies. Literature was reviewed on the 
spectrum of presentations, classical diagnostic criteria, clinical 
presentations, and use of MRI to confirm diagnosis.

Results: CFES may present after a wide spectrum of insults 
beyond the typical repaired long bone fracture. Additionally, CFES 
has been suspected after elective joint replacements. The classical 
Gurd criteria and Schoenfeld Fat Embolism Index are very non-
specific and include some criteria or diagnostic studies not routinely 
available. Finally, none of the traditional criteria distinguish between 
CFES and diffuse axonal injury (DAI) which would represent the 
two primary differential diagnostic considerations for altered mental 
status after trauma when the head CT is negative.

Conclusions: The occurrence of CFES may be more prevalent 
than previously thought and can be confirmed by combining clinical 
criteria and course of the mental status changes with abnormalities 
on the MRI-all of which are distinguishable from DAI.
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Figure 1: Initial fractures of the left femur and left tibia are shown in (A) and (B). Post- operative films with intra-medullary rods transfixing both fractures are 
shown in (C) and (D).
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Figure 2:  Platelet count trend from admission to discharge, patient 1 with long bone fractures and ORIF.

         

Figure 3: Scattered foci of hyperintensity are seen primarily within the deep white matter at the level of the centrum semiovale on the FLAIR image (Image 
A, arrows). While similar findings on FLAIR can be seen in older patients secondary to chronic white matter disease, the finding is unusual in this age group. 
There is corresponding high signal on DWI (Image B arrows), without associated high signal on the ADC map (Image C), consistent with foci of cytotoxicity 
secondary to microinfarcts rather than T2-shine through from vasogenic edema. The SWI image (image D) shows innumerable extensive fine foci of low signal 
intensity with a diffuse distribution. 
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to a rehabilitation institution. During the hospital course and 
retrospectively, this case was felt to be completely consistent with 
classical CFES. For the non-radiologists, there is an appendix at the 
end briefly describing physiology and pathological findings associated 
with each of the different MRI imaging techniques.

Atypical Cerebral Fat Emolism Syndrome
Presenting after long bone fractures without intramedullary 
rods (ORIF))

28 year old female driving a motor vehicle, opposite to the normal 

flow of traffic on a major city circumferential highway and at extremely 
high rate of speed, collided head on with an 18 wheel tractor-trailer. 
Sustained injuries included atlanto-occipital dissociation (AOD), 
severe laceration/maceration of the right lobe of the liver, bilateral 
femur fractures (right femur mid shaft, left femur mid shaft and 
subtrochanteric), left tibia and fibula, left ulnar fracture (Figure 4).

At time of admission, her Glasgow coma scale was described at 14 
of a possible 15 maximum, despite a blood alcohol level of 175 mg/dl. 
Due to the overall hemodynamic instability, all long bone fractures were 
initially stabilized only with external fixation or splints. On day two, she 
was noted to have significant neurological deterioration to GCS of 3T 

         

Figure 4: Initial injuries in patient #2 with right mid-shaft femur (Image A), leftmid-shaft femur and sub-trochanteric fracture (image B), and left tibial mid shaft 
fracture (image C).

         

Figure 5: High signal intensity foci of varying sizes are seen on FLAIR scattered throughout the convexities, and involving both superficial and deep white 
matter as well as cortex (image A). Many of these lesions have restricted diffusion and are cytotoxic rather than vasogenic, resulting in high signal on DWI 
(image B), and low signal on ADC (image C- arrows point to the same lesions on DWI and ADC map). The bottom four susceptibility weighted images (D-
G), show low signal diffusely involving the corpus callosum (D), inter-digitate white matter and gray matter throughout the convexities (E), basal ganglia (F) 
and cerebellum (G). The relative lack of predilection for specific areas of the brain commonly involved in DAI (e.g. midline splenium of the corpus callosum, 
parahippocampal white matter, and dorsolateral brainstem or midbrain) and the extensive fine granular appearance of microhemorrhages on the SWI images 
is consistent with a radiologic diagnosis of CFES.
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(intubated). Non-Contrast enhanced CT of the brain was normal. An 
unenhanced MRI of the brain revealed the following figure 5.

Due to the profound reduction of the GCS, an intracranial 
pressure monitoring device was placed for about 3 days and revealed 
Intracranial Pressure (ICP) < 5 mm Hg during the time of ICP 
monitoring. Continuous EEG was performed for 48 hours and 
revealed no sharp wave or localizing epileptic/epileptiform activity. 
Over the subsequent 21 days, the patient gradually awoke to follow 
commands with all 4 extremities. No repeat MRI was performed. 
All long bone fractures were stabilized in a delayed fashion with no 
evident worsening of neurologic status. She was seen again about 12 
months after discharge, fully and independently ambulatory with 
clear sensorium and had returned to college.

Unexpected Cerebral Fat Emboli
Presenting without long bone fractures or intramedullary 
fixation

A 20 year old female presented following a motor vehicle collision 
with transient loss of consciousness. She was a restrained passenger, 
sitting in the front passenger seat of a 4 door compact passenger 
vehicle. The vehicle was struck by a standard school bus moving at 
an estimated 35 MPH when the passenger vehicle failed to yield to a 
stop sign. Airbags were deployed as the car was struck from the right 
(“T-boned”) as shown in figure 6.

Upon arrival at the trauma center, she was completely 
neurologically intact but emergently intubated for hypoxia. Triage 
CT screen showed the following injuries: right pneumothorax, right 
lung lacerations, multiple right rib fractures, a grade 3 liver laceration, 
right superior sacral fracture, and bilateral superior and inferior pubic 
rami fractures (Figure 7).

Due to the extensive subcutaneous emphysema, bronchoscopy 
was performed which revealed a right endo-bronchial tear. There 
were no long bone fractures. Other pertinent negatives include a head 
CT which was structurally normal on admission.

She was taken to the OR for a right thoracotomy and primary 
repair of the bronchial tear. Surgery was well tolerated and the patient 
was quickly weaned from the ventilator and extubated. Subsequent 
to the surgery, her mental status did not return to baseline. 
Considering that there may have been a lateral head-strike onto the 
passenger window, an MRI study was obtained on day 7 to evaluate 
for suspected DAI. The MRI showed restricted diffusion, vasogenic 
edema, and diffuse punctate micro- hemorrhages most consistent 
with CFES (Figure 8).

Otherwise, during her hospital stay, she developed 
thrombocytopenia, mildly elevated liver function tests, and a fever. 
The remainder of the hospital course was consistent with emergence 
from brain injury. Cognitive evaluation was performed on hospital 
day # 9 revealing a Rancho-Los Amigos Scale (RLAS) [1] of IV/V 

         

Figure 6: View of passenger vehicle demonstrating at least 12 inches of side impact movement.
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Figure 7:  Right, non-displaced sacral fracture was the largest bony fracture discovered in patient 3 (Image A arrows). Mildly displaced anterior pubic ramus 
fractures are shown (Image B thick arrows) in addition to the sacral fracture (Image B single thin arrow) in the 3D image. The patient had no long bone 
fractures or ORIF procedures performed.
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consistent with her clinical confusion, inappropriate behavior, and 
agitation. She was subsequently transferred to a neuro rehabilitation 
center for 14 days and ultimately discharged home.

Discussion
CFES and DAI often may appear with similar neurologic signs and 

symptoms. However, those patients with DAI will have immediate 
and major neurologic deficits and are more likely to be recognized in 
the Emergency Department. By contrast, those with CFES will more 
likely be delayed in onset and will not be recognized in the ED and 
more likely recognized with time in the ICU. Fat Embolism Syndrome 
(FES) is defined as the presence of clinical symptoms arising from the 
showering of fat emboli [2]. The vast majority of cases of FES or CFES 
are related to long bone fractures with the highest incidence related to 
femur and tibial fractures [3]. A single long bone fracture has up to a 
3% chance of FES, bilateral femur fractures is related to FES in up to 
33% of patients with a mortality from FES alone reported at 5 - 20% [4]. 
Kimet et al. [5] reported FES after elective surgical hip arthroplasties 
and Sulek [6] reported FES after total knee replacement. On the other 
hand, Stein et al. collected data from 1979 to 2005 reporting the 
incidence of developing FES from an isolated pelvis fracture as “too 
small to calculate” [7]. When patients have showering of fat emboli, 
there is cerebral fat embolization in up to 86% of FES cases [7]. CFES 
is defined as a diffuse constellation of neurologic symptoms related 
to adipose embolization in the brain ranging from focal neurological 
deficits, mild confusional states, generalized encephalopathy or even, 
coma [8]. The full CFES is generally associated with concurrent 
respiratory failure [9] but may present only with neurologic deficits 
[10]. Severity can vary significantly from non-descript headache, 

altered mental status, focal deficits, visual and pupillary defects, 
seizures, and coma [4,9]. There is usually a delay in symptomatology 
of 24 - 72 hours from the original injury [11]. FES most commonly 
manifests with signs, symptoms and/or findings in the skin, lungs, 
and brain [11].

There are two proposed mechanisms of injury for FES: a 
mechanical theory and a biochemical theory [2,4,6,7]. The mechanical 
theory proposes that actual traumatic bony injury causes fat droplets 
to enter the venous system from injured bone. The adipose droplets 
are thought to either enter directly into capillary beds or can travel to 
the brain by pulmonary arterio-venous (AV) shunts [6]. Some of the 
fat emboli are small enough to traverse the capillaries obviating the 
A-V shunt mechanism such as a patent foramen ovale [7]. According 
to the mechanical theory, when fat droplets ultimately deposit in 
the cerebral capillary system causing local ischemia, inflammation, 
or hemorrhage. The biochemical theory suggests that inflammatory 
mediators cause the mobilization and release of stored fat into the 
bloodstream with some converted to inflammatory fatty acids [2,4]. 
Cerebral vasogenic edema induced by the free fatty acids is thought 
to be histo-toxic causing vasculitis, break-down of the blood brain 
barrier, loss of vascular integrity and localized petechial hemorrhaging 
[8]. Alternatively, the neurologic defect may be due to ischemic effect 
from small vessel occlusion by the fat globules [9]. In addition, there 
may be a surgical orthopedic mechanical element exacerbating or 
driving the development of FES. Specifically, with long bone fractures, 
medullary rods may be inserted into long bone marrow cavities that 
requiring medullary reaming prior to rod insertion. It is believed that 
this reaming effect may force marrow fat droplets into the venous 
circulation [12].

         

Figure 8: As in the prior two patients, scattered high signal foci are seen on FLAIR (A), with corresponding areas of restricted diffusion producing high 
signal on DWI (B) and low signal on ADC (C). SWI (D) shows similar findings of extensive diffuse fine granular hypointensities resulting from showering 
of fat emboli and free fatty acids with resultant vasculitic micro-hemorrhage. ADC map (E) and DWI (F) show cytotoxic edema also diffusely involving the 
splenium of the corpus callosum.
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Gurd’s Criteria shown in table 1 [13] and the Schoenfeld Fat 
Embolism Index shown in table 2 [14] can be used to guide the 
clinician in the diagnosis of FES.

Both the above Gurd’s Criteria and Schonfelds index focus on 
the general FES and have relatively limited weight for the neurologic 
aspects of the FES. To achieve a higher level of confidence when 
considering the diagnosis of CFES, MR imaging can be highly 
supportive and perhaps diagnostic. Non-gadolinium enhanced MRI 
of the brain, ideally performed with SWI and DWI is considered 
the imaging test of choice to confirm the specific diagnosis of CFES 
[15-18]. Specific lesions may present as scattered or confluent areas 
of hyper-intensity on fluid-attenuated inversion recovery (FLAIR) 
imaging. T2/FLAIR hyperintensities resulting from cytotoxicity may 
correspond with foci of restricted diffusion (high signal on DWI and 
low signal on ADC maps (Figure 2, Figure 5 and Figure 8), whereas 
areas of vasogenic edema, which may have an identical appearance 
on FLAIR, will be bright on both DWI and ADC- a phenomenon 
known as T2-shine through. Susceptibility-weighted images (SWI) 
may reveal foci of low signal intensity corresponding with diffuse 
petechial hemorrhages due to microvascular rupture again caused by 
severe vasculitis from FFAs. These petechial hemorrhages tend to be 
very small and much greater in number than the lesions seen in DAI.

DAI lesions tend to involve areas of the brain that impact against 
hard surfaces such as the falx and tentorium (especially the medial 
aspect of the genu of the corpus callosum, the septum pellucidum, and 
the posterolateral brainstem); that splay out as a result of impulsive 
forces during whiplash (the peri-frontal horn and parahippocampal 

white matter); or that demarcate transitions between parts of the 
brain with different densities and water content that are susceptible 
to shear stress (subcortical white matter along the convexities). On 
the other hand, CFES has a more diffuse distribution throughout the 
white matter, basal ganglia, and cerebellar hemispheres, and like other 
embolic phenomena, has a predilection for watershed areas. Unlike 
DAI, which typically spares the digitate white matter (just below the 
gyri) and the cortex, CFES involves both of these areas.

In CFES, hyper-intense lesions on FLAIR images are thought to 
be due to breakdown of the blood-brain barrier induced by severe 
vasculitis from free fatty acids (FFAs), resulting in vasogenic edema. 
Hyper-intense lesions on DWI that correspond with cytotoxic 
edema (i.e. those associated with low ADC values) are attributed to 
microvascular occlusion by fat droplets resulting in ischemic lesions. 
Diffusion tensor imaging measures fractional anisotropy. Water 
normally preferentially diffuses along axons, but when nerves become 
bloated as a result of histo-toxicity there is more radial diffusivity 
(RD). Greater proportions of radial diffusivity are associated with 
lower fractional anisotropy (FA), indicating nerve dysfunction is 
present. CFES is associated with higher radial diffusivity and therefore 
lower FA values than DAI.

Differences in pattern and distribution of lesions between CFES 
and DAI are striking. A recent study has shown that qualitative 
evaluation of FLAIR, DWI, ADC and SWI images leads to the same 
diagnostic performance as when DTI parameters are used [20]. Table 
3 highlights the similarities and differences between CFES and DAI 
MRI characteristics, and figure 9 shows a case of severe DAI for 
comparison.

In the future, FA values may provide a more objective measure 
for assessing correlation with outcome in larger studies.

In the first case, classical cerebral fat embolism, was associated 
initially with clear sensorium, which then deteriorated after ORIF 
of two long bones, leading us to immediately consider the diagnosis 
of CFES. The MRI was supportive of the diagnosis of CFES, and the 
clinical and biochemical courses a well as rapid return to near normal 
neurologic function were all features consistent with CFES. Therefore, 
this was considered a “CLASSICAL CFES”. In the second case labeled 
“Atypical Cerebral Fat Embolism Syndrome” the MRI was initially 
ordered to look for torsion/stretch injury to the brain stem related 
to the Atlanto-Occipital Dissociation. The brain stem was found to 
be normal; however, the typical MRI characteristics of CFES were 
unexpectedly discovered. Retrospectively the diagnosis of CFES was 
highly plausible in light of the major and multiple long bone injuries 
despite there having been no surgical intervention.

In case 3 (Unexpected Cerebral Fat Emboli), in which there 
were no long bone fractures, CFES was not considered when it was 
discovered that the patient had a cognitive deficit. Consequently, 
studies that may have supported the diagnosis such as bubble 
echocardiogram, urine or sputum analysis for fat globules, ESR, etc. 
were not performed. Either way, without the MRI, she still satisfied 
Schonfelds Fat Embolism Index (4 points bilateral alveolar infiltrates, 
3 points hypoxia, and 1 point each for confusion, tachycardia and 
tachypnea: total 11 points). By comparison, the imaging abnormalities 

Table 1: Gurd’s Criteria: Gurd’s Criteria defines FES as 1 major criteria, 4 minor 
criteria [15].

Major Criteria Minor Criteria
Petechial rash Tachycardia
Respiratory symptoms (PaO2  <  60 
mmHg)  plus bilateral radiographic findings

Pyrexia

Cerebral signs unrelated to head injury Retinal petechiae or fat
Urinary fat globules or oligo-anuria
Sudden drop in hemoglobin level
Sudden thrombocytopenia
High ESR
Fat globules in sputum
Fat macroglobulinemeia
Jaundice
Renal injury

Symptom Points
Diffuse petechiae 5
Bilateral diffuse alveolar infiltrates 4
Hypoxia (PaO2  <  70 mmHg) 3
Confusion 1
Pyrexia  >  38 *C 1
Tachycardia  >  120 bpm 1
Tachypnea  > 30/min 1

Table 2: Schonfeld’s Fat Embolism Index 5 or more points on the Fat Embolism 
Index indicates FES [16].

Characteristic CFES DAI
Vasogenic edema on T2/FLAIR +++ ++
Cytoxic edema- restricted diffusion on DWI +++ ++
Petechial hemorrhages on SWI imaging ++++ +++
Corpus Callosum Involvement +++ +++
Numbers of Micro hemorrhages +++++ ++
Location of Micro Hemorrhages Digitate white matter and cortex, 

basal ganglia, and cerebellum
Superficial gray-white matter junctions, deep white matter at corners 
of frontal horns, midline of the splenium of corpus callosum, septum 
pellucidum, parahippocampal region, posterolateral brainstem

Size of Micro Hemorrhages Very small Large/coarse lesions
Radial Diffusivity ++++ ++
Fractional Anistropy Lower (see Bodanapally et al (20) for 

FA and RD threshold values)
Higher 

Table 3:  MRI characteristics to distinguish CFES for DAI.
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Figure 9: 21 year old woman following MVC with severe traumatic brain injury, and characteristic grade 3 diffuse axonal injury pattern on MRI, including foci 
of restricted diffusion on DWI in the midline splenium of the corpus callosum (Image A), right parahippocampal region (Image B thick arrow) and dorsolateral 
midbrain (Image B thin arrow) and coarse microhemorrhages in the right parahippocampal region (Image C thick white arrow), left dorsolateral midbrain 
(Image C thin white arrow), and predilection for the gray white matter junctions of the convexities (Image C black arrows) not extending into the digitate 
white matter.

seen on the MRI of the “Classical CFES Patient with long bone 
fractures” were identical to the case presented here without long bone 
fractures and the clinical course of initial clear sensorium was also 
consistent.

The mainstay of treatment is primarily supportive and 
symptomatic treatment, as there are no proven pharmacologic 
therapies [5]. Patients that develop FES have a wide range of 
recoverability. Early fracture immobilization and repair are thought 
to decrease the risk of developing FES [5]. By contrast, it is presumed 
that more manipulation of a fractured extremity would enhance the 
chances of fat embolization. Most extremities will have immobilization 
placed by Emergency Medical Services but subsequent manipulation 
in the ED should be minimized where possible.

Making the distinction between DAI and CFES likely has 
significant prognostic value. Using MRI, the severity of DAI can be 
graded and time to recovery predicted. Mild DAI (grade I) involves 
only peripheral gray-white matter junctions; moderate DAI (grade 
II) involves the corpus callosum (usually the splenium and posterior 
body); and severe DAI (grade III) involves the dorsolateral midbrain 
or brainstem. With Grade I DAI, one can expect recovery in one week, 
with Grade II, recovery in 2 weeks, but with Grade III recovery may not 
occur or could be delayed 2 months or more [19]. With CFES, while 
there may be episodes of prolonged recovery [20], generally recovery 
occurs in days [21]. Of our three cases presented, the Atypical CFES 
patient devolved to a Glasgow Coma Scale of 3(T) yet demonstrated 
a full neurologic recovery over a period of approximately 30 days. A 
cognitive evaluation may be appropriate for patients with CFES.

Finally, regarding the third case, Unexpected Cerebral Fat Emboli 
Syndrome, the etiology remains unclear. There are a variety of 
traumatic and non-traumatic etiologies suggested by others [22-24]. 
Traumatic etiologies, in addition to those presented, include severe 
burn, and a variety of iatrogenic causes including bone marrow 
biopsy, bone marrow transplant, cardiopulmonary resuscitation, 
liposuction, and median sternotomy. Non-traumatic conditions are 
very uncommon causes of FES but include acute pancreatitis, fatty 
liver, corticosteroid therapy, lymphography, fat emulsion infusion, 
and hemoglobinopathies. In our Unexpected presentation case, while 
it is possible that the sacral fracture was the origin, blunt injury to fat 
deposits in soft tissue such as the abdominal wall could also be the 
source of fat embolism.

Conclusion
Altered mental status in trauma patients with clinical evidence 

of TBI but normal CT exams may not always be caused by DAI. 

Manifestations of CFES can be subtle, and the diagnosis may not 
be expected. By considering characteristic lesion patterns at MRI in 
combination with the early clinical neurologic course, it is possible to 
distinguish CFES from DAI with high reliability. Note that radiologists 
may be more likely to consider the diagnosis of CFES when relevant 
clinical information from bedside clinicians is communicated. This 
opens the door for further understanding and management of CFES. 
Previously, the gold standard to diagnosis of CFES was via clinical 
exam and application of various clinical indices or scores. However 
MRI now appears to be the new gold standard. More studies and 
investigations are needed. Additionally, more education will be 
required both in the clinical and the radiology communities.
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Appendix

A brief tutorial of relevant MRI 
sequences

FLAIR (fluid attenuation inversion recovery) — A fluid sensitive 
(T2-weighted) sequence in which the signal from cerebrospinal fluid 
is nulled. This increases the conspicuity of hyper-intensities in the 
periphery of the cerebral hemispheres as well as the deep peri-ventricular 
white matter. This technique can help differentiate between CFES and 
DAI based on the pattern and distribution of white matter changes, as 
well as presence or absence of cortical involvement.

DWI (diffusion-weighted imaging) — Detects decreases in random 
(Brownian) motion of water molecules very early (within one hour) after 
injury. Cytotoxic cellular swelling, resulting from a variety of causes 
including ischemic infarct, contusion, and traumatic axonal injury, are 
typical causes of restricted diffusion. Hyper-intensity on DWI can also 
result from vasogenic edema, and with chronic white matter changes such 
as gliosis or encephalomalacia. This phenomenon is known as T2 shine-
through. ADC (apparent diffusion coefficient) maps provide a measure of 
the magnitude of restricted diffusion.  DWI should always be evaluated 
in conjunction with ADC. Increasing degrees of restricted diffusion from 
cytotoxic edema will result in greater degrees of low signal intensity on 
ADC, whereas vasogenic edema and chronic white matter changes are 
associated with increased Brownian motion and will be associated with 
high ADC signal. Cortical contusions and diffuse axonal shear injury 
(DAI) are associated with combinations of vasogenic and cytotoxic edema 
and may exhibit both restricted diffusion and shine-through. Similarly, 
vasculitic changes from free fatty acids in CFES can cause break down of 
the blood brain barrier resulting in vasogenic edema leading to localized 
infarcts resulting in cytotoxic edema. The key to distinguishing between 
DAI and CFES is the size and distribution of these lesions, as described in 
the text and figures.

SWI (susceptibility weighted images) — SWI is an extremely 
sensitive high resolution technique which detects magnetic field 
distortion, and changes in phase (through a second filtering step) 
caused by paramagnetic and ferromagnetic blood breakdown 
products including deoxyhemoglobin (seen acutely), intracellular 
methemoglobin (sub-acutely), hemosiderin, and ferritin (chronically). 
SWI is can detect hemorrhage associated with contusion, micro-
hemorrhages associated with shear injury such as in DAI or and 
the vasculitic micro-hemorrhages associated with CFES. The high 
sensitivity of SWI for micro-hemorrhage is very useful for distinguishing 
between CFES, which is associated with an extensive diffuse pattern of 
fine micro-hemorrhages that extend to the digitate white matter while 
DAI is associated with coarse micro-hemorrhages with a characteristic 
distribution as shown in figure 9.

DTI (diffusion tensor imaging) — While ADC is a scalar 
measure of diffusivity, which encodes diffusion in 3 axes, DTI 
provides information regarding diffusivity in up to 30 directions. 
The directionality of a diffusion tensor is expressed as a quantitative 
measure called fractional anisotropy. The propensity of water molecules 
to diffuse in an axial direction along coherent highly organized white 
matter tracts results in a high fractional anisotropy (FA), whereas 
greater degrees of radial diffusivity seen with disturbed leaky white 
matter tracts and swollen axons result in low FA. Fractional anisotropy 
provides a quantitative measure of neuronal damage which can be 
correlated with short and long-term neurocognitive changes. Post-
processing software can be used to generate fiber tracking images which 
can depict disruptions in white matter tracts qualitatively.
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