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a b s t r a c t 

Diffuse axonal injury (DAI) is one of the most severe types of primary traumatic brain injury. 

In recent years, MR imaging has been gaining popularity as an adjunctive imaging method 

in patients with DAI. In this case report, we describe MRI findings of an 11-year-old male 

patient diagnosed with DAI and discuss the role of different sequences in the evaluation of 

DAI. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 
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Introduction 

Diffuse axonal injury (DAI) is one of the most severe types of
primary traumatic brain injury and a major cause of uncon-
sciousness and persistent vegetative state after severe head
trauma. The most common etiology of diffuse axonal injury
involves high-speed motor vehicle accidents [1] . The most
common mechanism involves a sudden rotational acceler-
ating and decelerating motion that leads to the shearing of
the brain’s long connecting nerve fibers. This causes macro-
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scopic and microscopic damage to the axons at the grey-
white matter junction. Cortex and white-matter have differ-
ent densities and therefore rotate at different speeds during a
closed head injury, leading to misaligned axons or stretched
axons (rarely sheared). The stretching of axons causes depo-
larization, metabolic alterations, cellular swelling, cytotoxic
oedema, and apoptosis [2] . 

Histopathological grading of DAI into grades 1 to 3 was first
proposed by Adams and associates in 1989. In grade 1 there is
histological evidence of axonal injury in the white matter of
the cerebral hemispheres, the corpus callosum, the brain stem
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Fig. 1 – Multiple punctate hyperdense foci 
(microhemorrhage) at the gray-white matter junction of 
bilateral temporal (white arrow, A) and frontal lobes (white 
arrows, B) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – (A) and (B). Axial FLAIR images showed some 
punctate hyperintense foci in the subcortical white matter 
of the right frontal lobe (arrow) and the splenium of the 
corpus callosum (white arrows). (C) and (D). DWI and ADC 

maps indicated restricted diffusion within the splenium of 
the corpus callosum (yellow arrows) (Color version of figure 
is available online) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and, less commonly, the cerebellum. In grade 2 there is also a
focal lesion in the corpus callosum. In grade 3 there is in ad-
dition a focal lesion in the dorsolateral quadrant or quadrants
of the rostra1 brain stem [3] . 

Computed tomography (CT) findings in DAI are typically
limited to microhemorrhages in the white matter or traumatic
edema of the brain which can be subtle and make it difficult
to be diagnosed. MRI is the modality of choice for assessing
suspected DAI even in patients with normal CT brain, espe-
cially those with unexplained neurologic deficit after severe
head trauma. 

In recent years, MRI is increasingly being used in the diag-
nosis and prognosis of DAI. T2 GRE and SWI are MRI sequences
that are particularly sensitive in detecting hemorrhagic le-
sions [ 4 ,5 ]. FLAIR and DWI have been proven to be sensitive
in detecting non-hemorrhagic lesions seen with DAI [ 6 ,7 ]. DTI
can detect decreased fractional anisotropy (FA) which implies
neuronal disruption. 3-D tractography can reveal interruption
of the white matter fibers [ 8 ,9 ]. 

Case report 

An 11–year old boy was admitted to the emergency depart-
ment after a high-speed vehicle accident. He was 5 feet 1 inch
(5 ′ 1 ′′ ) and 99 lbs. On arrival to the emergency department, the
patient had a Glasgow Coma Scale (GCS) score of 9, right-sided
hemiparesis, fractured right clavicle, femur and the following
initial vital signs: blood pressure 100/60 mm Hg, pulse rate 86
beats/min, respiratory rate 20 breaths/min, body temperature
37 °C, oxygen saturation 98% on room air. 

A non-contrast computed tomography scan was per-
formed and revealed some punctate hyperdense foci at the
grey–white matter junction of bilateral frontal and temporal
lobes ( Fig 1 ). DAI was suspected and the patient underwent
a head MRI scan for further evaluation. FLAIR depicted some
hyperintense punctate foci involving subcortical white mat-
ter of bilateral frontal and temporal lobes, posterior limb of
left internal capsule and splenium of corpus callosum ( Fig. 2 -
A,B). DWI showed restricted diffusion within corpus callosum
( Fig. 2 C-D). SWI minimum intensity projection (mIP) showed
some hypointense foci at the grey-white matter junction of
bilateral frontal and temporal lobes, fornix commissure, left
crus of the fornix, splenium of corpus callosum, which indi-
cated their hemorrhagic nature ( Fig. 3 ). Diffusion tractogra-
phy showed decreased fractional anisotropy at the grey-white
matter junction of bilateral frontal lobes and corpus callosum,
decreased number of subcortical frontal white matter fibers,
several disrupted white matter fibers in the posteroinferior
aspect of the splenium, commissure and left crus of fornix
( Fig. 4 ). 

Discussion 

Despite having an incidence of only 3.5%, DAI is one of the
most severe types of primary traumatic brain injury and takes
a toll on patients [10] . In clinical practice, a diagnosis of DAI
is considered in patients with traumatic brain injury hav-
ing low GCS score, especially those with unexplained neuro-
logic deficit. The clinical presentation of patients with DAI re-
lates to the severity of axonal damage. In this case, the pa-
tient had a GCS score of nine and right-sided hemiparesis,
head CT scan detected several petechial hemorrhages at the
grey–white matter junction of bilateral frontal and temporal
lobes without significant mass effect, midline shift or cerebral
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Fig. 3 – SWI illustrated multiple hypointense foci of 
hemorrhagic lesions at the grey-white matter junction of 
bilateral temporal lobes (white arrows, A), bilateral frontal 
lobes (green arrows, B), posterior limb of the left internal 
capsule (yellow arrow, C), the fornix commissure, and the 
splenium of the corpus callosum (red arrows, D) (Color 
version of figure is available online) 

Fig. 4 – Diffusion Tensor Imaging with 3D-Fiber 
Tractography revealed disrupted white matter fibers in the 
posteroinferior aspect of the splenium (arrow, A), left 
crus of the fornix (arrow, B), and subcortical frontal tracts 
(circle C and arrow D) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

edema. Clinical assessment and CT-scan findings suggested
the diagnosis of DAI. 

DAI typically presents with hemorrhagic and non-
hemorrhagic lesions. CT is the imaging technique of choice
in the setting of acute head trauma. CT findings in DAI are
subtle and typically limited to microhemorrhages at the
grey-white matter junction, corpus callosum, especially sple-
nium, brainstem, especially dorsolateral midbrain and upper
pons. According to recent studies, CT has low sensitivity for
detecting DAI [11] . 

MRI with different sequences has been considered superior
to CT in detecting hemorrhagic and non-hemorrhagic DAI le-
sions. 

Some studies reported that SWI is the most sensitive se-
quence to reveal hemorrhagic lesions in patients with DAI due
to its sensitivity to paramagnetic blood products [ 4 ,5 ,7 ]. Pa-
tients with these lesions usually have a poor prognosis [12] . In
this case, SWI also depicted a few more hemorrhagic lesions
than CT scan and FLAIR image do. 

DWI is valuable in detecting additional shearing injuries
not visible on T2/FLAIR or T2 GRE sequences [7] and plays im-
portant role in prognosis. There is a correlation between clin-
ical severity and lesions visible on DWI. The regions demon-
strating restricted diffusion on DWI are assumed to have suf-
fered irreversible injuries. Schaefer et al. concluded that the
volume of alterations on DWI has a stronger correlation with
clinical outcome and Glasgow coma scale than on FLAIR [6] .
Depending on signal characteristics on DWI and apparent
diffusion coefficient (ADC) maps, lesions are classified into
three categories: type 1, DWI- and ADC-hyperintense most
likely representing lesions with vasogenic edema; type 2, DWI-
hyperintense, ADC-hypointense indicating cytotoxic edema;
type 3, central hemorrhagic lesion surrounded by an area of
increased diffusion [6] . Our patient had type 2 cytotoxic edema
at the splenium and type 3 lesions at the subcortical frontal
white matter. 

DTI is an advanced technique in neuroradiology. On DTI,
areas of decreased fractional anisotropy (FA) imply neuronal
disintegration. In this case, fractional anisotropy decreased
at the grey-white matter junction of bilateral frontal lobes
and the corpus callosum. 3D-Fiber Tractography revealed dis-
rupted white matter fibers at these regions ( Fig. 4 ). Sugiyama
reported that disruptions of white matter fibers in the corpus
callosum and the fornix were found in patients with impaired
intelligence, and attention deficit and memory disorders that
prevent physical activities [9] . Using 3-D tractography, Le et al.
described disrupted white matter fibers in the posteroinferior
aspect of the splenium in correlation with the patient’s left
hemialexia, a functional deficit resulting from the disconnec-
tion of the right visual cortex from the language centers of the
dominant left hemisphere [8] . 

Conclusion 

Diffuse axonal injury is a rare but serious primary traumatic
brain injury and takes a toll on afflicted patients. MRI with
different specific sequences for different purposes: T2GRE
or SWI for microhemorrhages; T2/FLAIR and DWI for non-
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hemorrhagic lesions [6,7], DWI to determine additional shear-
ing injuries not visible on T2/FLAIR or T2GRE sequences; DTI
analyzing water motion to evaluate the integrity of white mat-
ter tracts; 3-D tractography which reveals disruptions of white
matter fibers – provide useful information in the diagnosis and
prognosis of diffuse axonal injury, in addition to CT scanning.
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