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ABSTRACT

Introduction: Diffuse axonal injury (DAI), is a rarely occurring consequen-
ce of traumatic brain injury (TBI). For many years identification and outcomes
prediction of DAI was limited. The specific markers have not been described.
Progress in the development of radiological methods has made current abilities
for recognition and prognosis much greater.

Aim: The aim of the paper is the presentation of the clinical image of DAI and
the emphasis of the importance of magnetic resonance imaging (MRI) in the
diagnosis of this neurological condition.

Case study: A 66-year-old female was admitted to the Intensive Care Unit
(ICU) in the 2nd day after TBI due to cardiovascular and respiratory failure. A
suspicion of DAI was formulated on the basis of the brain computed tomography
(CT).

Results and discussion: The neurological state Glasgow coma scale (GCS)
7 did not correlate with changes observed in CT. The brain MRI presented le-
sions in the splenium and in the lobe of the corpus callosum, additionally. The
intensity of changes in radiological classification of DAI based on brain MRI
confirms the neurological state and allows the prognosis formulation.

Conclusions: Thebrain MRI has become important in the diagnosis and pro-
gnostication of DAI.
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1. INTRODUCTION

Diffuse Axonal Injury (DAI), initially described by Strich
in 1956, is a rarely occurring consequence of traumatic
brain injury (TBI).! The analysis of TBI in Poland between
2009 and 2012 performed by Miekisiak et al. demonstrated
a general frequency 126/105 per year of which DAI con-
stituted 2.11%.2 The epidemiological data presented above
is comparable with trends occurring in many European
countries.?

For many years diagnosis and identification of DAI
was limited. The specific biochemical markers still have
not been described.*” Progress in the development of ra-
diological diagnostic methods has made current abilities for
recognition and prognosis much greater. Brain computed
tomography (CT) is the first choice radiological method to
describe consequences of injury, but does not correspond
well to the Glasgow coma scale (GCS) score and neurologi-
cal state. The brain MRI has become especially important in
the imaging and confirming diagnosis of DAIL%12

Numerous classifications have been formed to describe
severity of DAI and predict outcomes of brain injury.!>*
Diagnosis of DAI is based on clinical signs and radiologi-
cal imaging. The treatment of DAI is multidirectional but
still not specific.’>7 The most important management are
the cardiac and respiratory stabilization and the prevention
of secondary complications connected to the brain injury.
Many studies presented positive effects of systemic electro-
lytes and metabolic stabilization, neuroprotective pharma-
cotherapy, rehabilitation and local stimulation of healing
and regenerative processes.'$!

2. AIM

The aim of this paper is the presentation of the clinical im-
age of DAI and the emphasis of the diagnostic importance of
MRI in the diagnosis of this neurological condition.

Figure 1. Axial CT, day of injury (DOI). Small hemorrhagic focus in left subinsular region — arrow (a) and at the level
of the centrum semiovale in the left and right frontal subcortical white matter — arrows (b). Hypodense lesion in genu

of corpus callosum is not well seen in CT - arrow (c).

Figure 2. Axial CT, 18 days after DOI at the same level like in Figure 1. Partially resorbed hemorrhagic foci, hyper- and
hypodense — arrows (a, b). Hypodense lesion in genu of corpus callosum is more evident than on the DOI (c).
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Figure 3. Axial MRI T2* images, 20 days after DOI. Better detection of multiple hemorrhagic shearing foci consistent
with DAI seen as hypointense lesions (blood products/hemosiderin) in left subinsular region (a), in anterior part of

corpus callosum (b) and in the frontal lobes (c) — arrows.
3. CASE STUDY

A 66-year-old female was admitted to the Intensive Care Unit
(ICU) from Emergency Department in the 2nd day after TBI
resulting from traffic accident due to cardiovascular and res-
piratory failure. Neurological condition at admittance to the
emergency room was following: GCS score 3 (eyes — 1, verbal
— 1, motor - 1), pupils even, narrow, non-reactive to light. Ad-
ditional injuries included numerous right side rib fractures,
bruising of the right lung and pneumothorax. The brain CT
showed spotted subcortical hemorrhages within the left in-
sular cortex as well as several bleeds in both parietal lobes,
no hemorrhagic cortical contusions, a symmetrical ventricu-
lar system which was not expanded, with internal structures
not displaced, and with the bones of the skullcap without
visible posttraumatic changes (Figure la—c). A suspicion of
DAI was formulated on the basis of the image. Neurosur-
gical consultation did not qualify the patient for surgical
treatment. At admission to ICU the patient was in critical
general condition, blocked pharmacologically, intubated and
mechanically ventilated, with active intrathorasic drainage,
circulation system required stabilization using the infusion
of vasopressors. Incomplete, due to the sedation, initial neu-
rological assessment was following: narrow, symmetrical pu-
pils, sluggish reaction to light, tendon reflexes symmetrically
preserved, without pathological reflexes.

Subsequent CT scan on day 2 showed no new haemor-
rhagic lesions. A follow-up brain CT performed on day 7
and day 18 showed smaller subcortical bleeds in the left in-
sular cortex and in both parietal lobes, with the symmetrical
ventricular system, not expanded and internal structures
not displaced (Figure 2a—c). After complete withholding of
sedation a comprehensive neurological assessment was pre-
formed. The patient opened eyes in reaction to painful stim-
ulation (2), did not present verbal response (1), withdrawal
motor reaction (4) indicating GCS score 7, with slight
anisocoria of the pupils L > R, tone muscle and strength
was reduced bilaterally, superficial reflexes — positive, sym-
metrical, without pathological reflexes. Recommendations

for further treatment included neuroprotective therapy and
more extensive radiological diagnosis using MRI.

Following MRI scan on day 20 presented multiple areas
of signal loss at the gray-white matter junction in both fron-
tal lobes consistent with old microbleeds. Similar foci were
seen in the area of the splenium and lobe of the corpus cal-
losum and hemorrhaging lesion within the left subinsular
region in the area of the nucleus lentiformis (Figure 3a—c).

Hospitalization at the ICU lasted 71 days. Because of
neurological condition tracheostomy was performed. Start-
ing with day 31 the patient was breathing spontaneously
with tracheotomy tube and the passive oxygen therapy. The
circulatory system was stable and did not require pharma-
cological support. During hospitalization the neurological
condition remained stable. Neurologically no improvement
in the consciousness was achieved and remained at GCS
score — 7 with Glasgow outcome scale extended (GOSE) — at
3 (lower severe disability).

The prognosis remains limited without possibility for
independent functioning. The patient was transferred to the
Department of Neurology with a plan for continuation of
therapy at Rehabilitation and Care Center.

4. RESULTS AND DISCUSSION

DAI is a rare condition resulting from brain injury. The
neurological state often cannot be explained by images ob-
tained using CT. Many publications stress the great impor-
tance of using MRI to diagnose DAI. In the case study pre-
sented above the neurological condition did not correspond
to the injuries visible in CT images. Only in the brain MRI
characteristic lesions to DAI in the structures of the corpus
callosum according to the Marshall classification as a stage
II and Rotterdam Classification — 1, became visible.!*"* The
hemorrhaging area localized in corpus callosum were con-
nected with the poor level of consciousness — GCS score — 7.

Observations of patients with DAI conducted by Park et
al. indicated that after 10 months medical treatment 52% of
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patients recovered a good level of consciousness, 28% were
relatively stable, 12% remained in critical condition while
8% slipped into a vegetative state. Patients with grade II in-
juries had an average GCS score of 7.6 and the mean inter-
val to return consciousness was 12.5 days. Authors showed
that 50% of patients with changes caused by hemorrhage in
corpus callosum as well as in the brainstem never regained
consciousness. The our case study was consistent with the
observations of Park et al. illustrating serious and persistent
neurological state caused by DAI with changes occurring in
the corpus callosum.?

The neurological condition remained stable, however,
due to lack of improvement of consciousness significantly
reduced the possibility for a positive prognosis.

5. CONCLUSIONS

The brain MRI is an important element in diagnosis of neu-
rological state in patient with DAI The discovery of the
characteristic changes caused by hemorrhage within brain
structures explains neurological deficiencies. The staging in
radiological classification reflects the neurological state and
allows the formulation of a prognosis.
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