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Abstract: Diffuse axonal injury is a brain injury in which damage in the form of extensive lesions in white matter tracts occurs over a
widespread area. DAI is one of the most common and devastating types of traumatic brain injury and major cause of unconsciousness
and persistent vegetative state after head trauma. It occurs in about half of all cases of severe head trauma. This study was undertaken
to investigate the correlation between the degrees of injuries based on MRI findings and the mean time intervals to recovery of
consciousness, their hospital stay & improvement of GCS. Total 50 Patients studied. After taking detailed history, all the patients were
Examined & investigated. Outcome assessed at 1, 3, and 6 & 12 months on Basis of Improvement in GCS, Time require for
Consciousness & Hospital Stay. We divided the patients into three groups according to the grade of MRI finding according to
classification proposed by Adams. Mean Hospital Stay in Grade | 15.51 + 4.73 days. Grade 11 27.87+7.03 days. Grade 111 39.36 + 11.23
days. Mean time requires for consciousness in Grade | 6.25+2.15 days, Grade Il 22.37+6.54 days. Grade 111 103.54 + 31.07. Our study
results suggest a correlation between the mean time interval to recovery of consciousness & hospital stay in patients with DAI and the

degrees of brain injuries seen on MRI.
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1. Introduction

Head injuries include both injuries to the brain and those to
other parts of the head, such as the scalp and skull. Head
injuries can be closed or open. Closed Head injury causes
two major types of traumatic brain injury (TBI); focal brain
injury and diffuse axonal injury (DAI). In focal brain injury,
the orbitofrontal cortex (OFC), the ventromedial prefrontal
cortex (VMPFC), and the temporal pole are most frequently
damaged because of the shape of the skull base .

Diffuse axonal injury is one of the most common pathologies
of traumatic brain injury, occurring in both mild and severe
cases. It is also one of the major causes of TBI patients going
into a coma following their injury” this pathology occurs
most often in car accidents, falls, or assault. In which the
most common cause is car accidents.”’ Under these
conditions, strong inertial forces cause axons to lose their
normal elasticity and become brittle”’ DAI occurs in 40-50%
of all patients admitted with TBI >
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Figure: Showing Concepts of Diffuse Axonal Injury

In DAI, subcortical damage results from stretching, straining
and shearing of axons as the brain moves inside the skull.
The pathology of DAI is characterized histologically by
Wallerian-type axonal degeneration in the parasagital white

matter, corpus callosum, and dorsal upper brainstem due to
shearing forces by acceleration, deceleration, or rotation of
the brain®. In DAI, brain damage was originally thought to
occur diffusely in the white matter ” while the effect of such
damage to the grey matter or whole brain is poorly
understood. "Diffuse degeneration of the cerebral white
matter" was first defined by Strich® in a study of patients
with severe post-traumatic dementia in 1956. The time
course of the pathological changes was established by
Adams et al.” Diffuse axonal injury can be diagnosed using
clinical signs and radiological evidence. Brain magnetic
resonance imaging (MRI) is known to be the most sensitive
method to diagnose diffuse axonal injury, especially in
gradient echo image'® ' '?

Numerous studies have been performed on the outcome of
and the searching for the prognostic factors of diffuse axonal
injury. This study aimed to investigate the correlation
between the degrees of injuries based on MRI findings and
the mean time intervals to recovery of consciousness, their
hospital stay & improvement of GCS in patients with diffuse
axonal injuries.

2. Objective

To evaluate the prognosis of patients of diffuse axonal injury
treated conservatively & to investigate the correlation
between degree of injury on MRI , time require for recovery
of consciousness & hospital Stay

3. Material and Methods

3.1 Study Design: A Two year Retrospective & Prospective
study. The present study was conducted in the
Department of Surgery, Mahatma Gandhi Mission
Medical College and Hospital, Aurangabad.

3.2 Sources of Data: Patients admitted with clinical
diagnosis of Diffuse Axonal Injury under the
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Department of Surgery, MGM Hospital and Medical
Research Centre, Aurangabad during the study period.

3.3 Sample Size: 50 cases of Diffuse Axonal Injury

3.4 Inclusion Criteria:
1. All traumatic head injury managed conservatively
2. Age criteria 18 yrs to 75 years

3.5 Exclusion Criteria:
1. All head injury requiring surgery
2. Patient with sepsis
3.Polytrauma patient associated with chest/ abdominal/
pelvic/ long bone injury

3.6 Method of Collection of Data

After taking detailed history, all the patients were Examined
& investigated. Severity of DAI Assess via modified
Glasgow Coma Score. According to GCS head injury is
classified as: Mild with GCS 14-15, Moderate with GCS 9-
13, and Severe with GCS < 8. We divided the patients into
three groups according to the grade of MRI finding
according to classification proposed by Adams.

Grade I: involves grey-white matter interfaces, most
commonly: parasagittal regions of frontal lobes,
periventricular temporal lobes, less commonly: parietal and

occipital lobes, internal and external capsules, and
cerebellum
Grade Il: involves corpus callosum in addition to stage I

locations, most commonly: posterior body and splenium but
does advance anteriorly with increasing severity of injury

Grade I11I: involves brainstem in addition to stage I and II
locations, most commonly: rostral midbrain, superior
cerebellar peduncles, medial lemnisci and corticospinal tracts
Assess Clinical presentations, and features of Computerized
Tomography brain or MRI.Outcomes assessed at 1 month, 3
months, 6 months, One Year on Basis of Improvement In
GCS, Time require Consciousness, complication &Hospital
Stay.

3.7 Statistical Analysis
The measures of association between the qualitative

variables are assessed using chi-square test. The inference is
considered statistically significant whenever p<0.05.

4. Results

All patients were admitted in view of Diffuse Axonal Injury.
4.1 Mode of Injury

Among these, the cause of hospitalization was Road traffic

accident (RTA) in 47 patients, Assault in one patient, fall
from first floor in one Patient & fall of Slab in one patient.

4. 2 Distribution Patients according to Gender

Total 50 patients were evaluated out of which 45 were male
& 9 were female. The Male is to female ratio wad 9:1.

4.3 Grade of D.A.l According to age of Patients

Mean Age in Grade one Patient DAI was 35.80+16.20.
Years, Grade two DAI was 35.00+16.78years, Grade three
DAI was 35.18+15.06years.

4.4 Complications in Patients

Out of 31 patients of Grade One, Urinary Tract Infection
seen in 2 (6.45%) patients & Bed sore in one (3.22%)
patient. Out of 8 patients of Grade Two, Urinary Tract
Infection seen in two patients (25%), Blood stream Infection
seen in one patient (12.5%) & Bed sore in one patient
(12.5%). Out of 11 Patients of grade three DAI, Urinary
Tract Infection seen in one patient (9.09%), Ventilator
Associated Pneumonia Seen in 3 Patients (27.27), Blood
stream Infection seen in two patient(18.18%) & Bed sore in
two patient(18.18%)

45 Mean GCS on Admission, After 24 Hours & at
Discharge

Mean GCS of Patients on Admission in Grade One was 9, in
grade two was 8 & in grade three was 7.Mean GCS of
Patients after 24 hours in Grade One was 11, in grade two
was 9 & in grade three was 7. Mean GCS of Patients at
discharged in Grade One wasl5, in grade two was 15 & in
grade three was 12.GCS of patients on admission, after 24
hours & at discharge is statistically significant p<0.0001

4.6 Comparison of Mean Hospital Stay in Grading of
DAI

Grade One DAI Mean Hospital Stay is 15.51 TO 4.73
DAYS. In Grade Two DAI Mean Hospital Stay is
27.87+£7.03 DAYS. In Grade three DAI Mean Hospital Stay
is 39.36 £ 11.23 DAYS. Mean Hospital Stay in grade one
DAI, grade two DAI, grade three DAI is statistically
Significant. (f=69.78, P<0.0001)

Grade |(Mean| SD |F-value| P-value
Hospital |Grade 1 [15.51 | 4.73
Grade 3 [39.36 | 11.23
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4.7 Comparison of Mean time require to consciousness in
Grading of DAI

Mean time require for consciousness in grade one patients
6.25+£2.15 days. Mean time require for consciousness in
grade two patients 22.37+£6.54 days. Mean time require for
consciousness in grade three patients 103.54 + 31.07 days.
Time require for consciousness in grade one DAI, grade two
DAI, grade three DAI is statistically significant. (f=180.09,
P<0.0001)

Grade | Mean SD | F-value P-value
Time Grade 1 6.25 2.15
Required to 180. 09 | P<0.0001S
consciousness Grade 2| 22.37 6.54
Grade 3| 103.54 | 31.07
Mean Tine Required to conscionsness
120
100
20
E
& 6l
=
40
2” ]
|:I _ T T 1
Crrade 1 Grade 2 Grade 3
Grading
5. Discussion

Diffuse axonal injury (i.e., widespread damage to axons in
the white matter of the brain) is well recognized as a severe
post-traumatic head injury'”. It is defined as prolonged post-
traumatic coma following injury without demonstrable
intracranial mass lesion'*'>'?

In 1956, Strich® defined the "diffuse degeneration of the
cerebral white matter" in a series of patients with severe
post-traumatic dementia.

Diffuse axonal injury is caused by acceleration-deceleration
effects of the mechanical input to the head upon shaking of
the brain within the skull " '°. This results in shearing or
stretching of nerve fibers with consequential axonal damage.
Mostly, this injury mechanism is caused by traffic accidents
that produce long acceleration comparatively. Determination
of its severity is based on the direction, magnitude, and speed
of the head motion during the injury sequence'®. Gennarelli
et al.2 Reported a high correlation bOOetween the direction
of the head motion in acceleration and the duration of coma.
Although diffuse axonal injury could occasionally occur
when the head was accelerated in a sagittal or oblique
direction, it was most readily produced by coronal
acceleration of the head'™. In mild injury the lesions are
localized within frontotemporal cerebral white matter,
stronger injury of rotatory acceleration caused additional
lesions on corpus callosum and upper brain stem. Gennarelli
et al2 reported severe injury has a tendency to cause deeper
lesions.

The time course of the pathological changes has been
established by Adams et al.2 In humans, instantaneous injury
occurs to numerous axons in the white matter of the brain,
manifested by axonal retraction balls visible on microscopic
examination. Gross lesions associated with severe diffuse
axonal injury in humans consist of hemorrhagic tears in the
corpus callosum and in the dorsolateral quadrant of the
rostral brain stem. Several days later, microglial clusters
appear and the axonal retraction balls start to disappear.
Months after the injury, the bulk of the white matter is
reduced and long tract degeneration can be demonstrated™2.

Diffuse axonal injury can be diagnosed using clinical signs
(level of consciousness and neurological deficits) and
radiological findings. Zimmerman'® reported the first study
of radiological diagnosis of diffuse axonal injury that
includes small hemorrhagic lesions on the corpus callosum,
upper brain stem, corticomedullary junction, parasagittal
area, and basal ganglia. Brain computed tomographic (CT)
findings lack accuracy in the prediction of a patient's
outcome and do not correspond well to the patient's GCS
score or neurological state' 12,

Brain MRI gradient echo imaging is far more sensitive than
spin echo imaging on paramagnetic lesion such as
hemorrhage or calcification for a long time. So, brain MRI
gradient echo imaging is currently known to be the most
sensitive method of confirming the presence of small
hemorrhagic lesions on the white matter, corpus callosum,
and brain stem in diffuse axonal injury'® ' 12,

Initial GCS in patients with head injuries strongly correlates
with outcome, especially a GCS score below 5, which is
associated with a poorer outcome***"** The duration of loss
of consciousness has been shown to be strongly related with
the outcome in some reports™>*. The correlation between
outcome and MRI findings has been studied in several
reports' ™22 Kim et al.!2 reported an association between
higher MRI grade and longer duration of loss of
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consciousness, but not statistically significant difference
between MRI grade and outcome or clinical severity. Oh et
al!2 reported worse outcomes in patients with brain stem
lesions shown on MRI but sizes of lesions were not
consistent with outcomes. Kim et al."reported more lesions
on corpus callosum and brain stem in worse outcome in
patients.

In our study In Grade One DAI Mean Hospital Stay is two to
three weeks. In Grade Two DAI Mean Hospital Stay is four
to five weeks. In Grade three DAI Mean Hospital Stay is
seven to nine weeks

Mean time require for consciousness in grade one patients
one to two weeks. Mean time require for consciousness in
grade two patients three to four weeks. Mean time require for
consciousness in grade three patients three to four months.

Although our relatively small number of cases was a
limitation, our data were statistically significant. Therefore,
in case of diffuse axonal injury except secondary hypoxic
brain damage, patients with lesions on cerebral white matter
and corpus callosum has a tendency to recover their
consciousness earlier than patients with lesions on brain stem

6. Conclusion

This study shows a correlation between the time interval to
recovery of consciousness in patients with diffuse axonal
injury and the degrees of brain injuries seen on MRI, despite
the limitation of a small study population. Patients with
diffuse axonal injuries with small hemorrhagic lesions on the
hemispheric ~ white matter (lobar area) recovered
consciousness within 1-2 weeks. Patients with diffuse axonal
injuries with small hemorrhagic lesions on the hemispheric
white matter (lobar area) & corpus callosum recovered
consciousness within 3-4 weeks In contrast; patients with
diffuse axonal injuries with small hemorrhagic lesions on the
hemispheric white matter (lobar area) & corpus callosum &
the brain stem did not recover consciousness within 3-4
months. Hospital Stay Required for Grade One Diffuse
axonal injury is 2 to 3weeks. In Grade Two Diffuse Axonal
Injury is 3 to 4 weeks. In Grade three Diffuse Axonal Injury
is 7 to 8 weeks.
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