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Objective : This study was conducted to investigate the correlation between the degrees of injury on brain magnetic resonance imaging (MRI)
and the time interval to recovery of consciousness in patients with diffuse axonal injury.

Methods : From January 2004 to December 2008, 25 patients with diffuse axonal injury were treated at our hospital. We retrospectively
investigated the patients’ medical records and radiological findings. We divided the patients into three groups according to the grade of MRI
finding : grade I, small scattered lesions on the white matter of the cerebral hemisphere; grade Il, focal lesions on the corpus callosum; and grade
Il, additional focal lesions on the brain stem.

Result : Seven patients belonged to the grade | group; 10 to the grade Il group; and 8 to the grade Il group. The mean Glasgow Coma Scale
{GCS) score of all patients at the time of admission was 7.28. Recovery of consciousness was observed in 23 of the 25 patients; the remaining
two patients never regained consciousness. The time interval to recovery of consciousness (awake status) ranged from 1 day to 125 days (mean
22.1 days) : grade | group patients, within approximately 1 week (mean 3.7 days); grade |t group patients, within approximately 2 weeks {mean
12.5 days); and grade Ill group patients, within approximately 2 months (mean 59.5 days).

Conclusion : Our study results suggest a correlation between the mean time interval to recovery of consciousness in patients with diffuse
axonal injuries and the degrees of brain injuries seen on MRI. Patients with grade | and |l diffuse axonal injuries recovered consciousness within

2 weeks, while patients with grade Il injuries required approximately 2 months.
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INTRODUCTION

Diffuse axonal injury is caused from widespread tearing
of axons and small vessels by shearing forces and is defined
as prolonged post-traumatic coma over 6 hours following
injury without demonstrable mass lesion®”. “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
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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 correla-
tion between the degrees of injuries based on MRI findings
and the mean time intervals to recovery of consciousness in

patients with diffuse axonal injuries.

MATERIALS AND METHODS

Twenty-five patients who had been diagnosed with diffuse
axonal injury and underwent MRI at our hospital from
January 2004 to December 2008 were included in this
study. We had excluded patients with secondary hypoxic
brain damage on admission or who had undergone cranial
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operation during treatment from this study. All the medical
records and radiographic findings were reviewed retrospec-
tively. Patients were divided into three groups according to
the location of lesions on MRI findings (grade I, II, and
1) as classified by Gennarelli et al.” An MRI finding of
scattered small hemorrhagic lesions on hemispheric white

Fig. 1. Gradient-echo magnetic resonance images show multiple small hemorrhagic foci on the hemispheric white matter (A), corpus callosum {B), and brain

stem (C).

Table 1. Summary of the total cases (n = 25)*

matter was classified as grade I, a finding of additional focal
lesions on the corpus callosum was classified as grade I,
and a finding of additional focal lesions on the brain stem
was classified as grade 111 (Fig. 1). Various clinical parame-
ters such as sex, age, initial Glasgow Coma Scale (GCS)
score, follow-up GCS score, time interval from injury to

Case Sex/ GCSscore MRI Time interval

Follow-up

Coincidental

number Age onadmission grade foawake (days) period (months) e lesions Kiﬂd ,Of t'oumc fd
1 M/57 9 [ 3 38 MD Rib and hurnerus fx. Fall
F/22 9 | 2 21 GR Hurnerus fx. Driver's TA
3 F/41 8 I 5 3 MD SDH Pedesfian TA
4 M/19 6 ] 7 19 GR SDH Pedesfian TA
5 M7 3 I 6 16 MD Tiblo fioular fx. Pedestian TA
6 M/ 9 | 2 12 GR SDH Pedestion TA
7 F/14 8 | 1 1 GR None Pedestrion TA
8 M/20 11 I 1 1 GR Skl fx., SAH Driver'sTA
9 /7 8 fi 5 8 GR Skt . Pedestion TA
10 F18 8 I 10 12 GR SAH Pedestion TA
1 Mm/17 6 Il 2] 6 GR Cerebral contusion Mmotorbike TA
12 M/20 10 I 2 1 GR Ankde . Motorbike TA
13 M/48 8 I 20 13 GR Facial bone fx. Pedestrion TA
14 F/5 7 I 26 24 GR IVH Pedesirian TA
1% F/51 8 I 5 1 MD Cerebral contusion Pedestion TA
16 M/26 6 Il 30 ] MD None Driver'sTA
17 M/53 4 I 5 2 D None Fal
18 M/32 4 [ N/A 2 PvsS fVH Fall
19 M/59 7 I N/A 9 PVS None Driver'sTA
20 M/46 6 I 45 15 MD Fibulor fx. Pedesfian TA
21 M/35 6 [ &0 1 D licie bone fx. SDH Fall pedestrian TA
2 K5 10 1] 2 3 GR Cerebral confusion Driver's TA
23 M/19 7 [ 5 16 GR None Pedestion TA
24 F/32 7 I 125 12 )] Cerebral confusion Pedestion TA
25 F/11 7 il 74 10 MD

F: fernale, fx : fracture, GCS : Glasgow Coma Scale, GOS : Glasgow Outcome Scale, GR : good recovery, IVH: infraventricular hemorhage, M male, MD
mild disability, MRI : magnetic resonance imaging. N/A : not available, PVS : persistent vegetdtive state, SAH : subarachnoid hemorhage, 5D : severe

disability, SDH : subdural hemorthage, TA : traffic accident
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recovery of consciousness (awake status), and Glasgow
Outcome Scale (GOS) were investigated. Recovery of
consciousness was defined as opening eyes to verbal sti-
mulus and obedience to command. Outcome was assessed
by GOS as GR (good recovery), MD (mild disability), SD
(severe disability), PVS (persistent vegetative state), and
death. Statistical analysis was conducted with the SPSS
program (version 12.0) (SPSS Inc., Chicago, IL, USA).
The correlation between the MRI grade and the mean time
interval to recovery of consciousness was evaluated by one-
way analysis of variance (ANOVA). Statistical significance
was defined as p < 0.05.

RESULTS

All cases are presented in Table 1. All patients were trans-
ferred to our hospital within one day from injury. Among
these, the cause of hospitalization was pedestrian traffic
accident (TA) in fourteen patients, driver’s TA in 5 patients,
fall from heights in 4 patients, and motorbike TA in 2
patients. The male/female ratio was 1.5 : 1, and the mean
age was 27.32 years. The patients had several coincidental
injuries such as rib fracture, long bone fracture, and scanty
amount of intracranial hemorrhage (subdural hematoma,
contusion, subarachnoid hemorrhage, and intraventricular
hemorrhage). But, the scanty amount of intracranial
hemorrhage did not require decompressive cranial opera-
tion. Specific intracranial complication did not occur in all
patients. Tracheostomy had been performed in 7 patients
because of pneumonia.

The average GCS score of all patients on admission was
7.28, and the mean follow-up period was 10.28 months. By
using the GOS to classify outcomes, 13 patients (52%)
were assessed as GR, 7 patients (28%) were assessed as
MD, 3 patients (12%) were assessed as SD, and 2 patients
(8%) were assessed as PVS. None of the patients died.
Among the 25 patients, 7 patients (28%) had grade I
injuries, 10 patients (40%) had grade II injuries, and 8
patients (32%) had grade III injuries. In the grade I group,
the mean GCS score on admission was 7.43, and the mean
time interval to awake status was 3.7 days. All of their
outcome were better than SD. In the grade 1 group, the
mean GCS score was 7.6 and the mean time interval to
awake status was 12.5 days. In the grade III group, the
mean GCS score was 6.75, and the mean time interval to
awake status was 59.5 days. Two patients in the grade III
group did not regain consciousness and were excluded from
the time interval to awake status estimates. Fig, 2 shows the
sequential changes in the mean GCS scores of each grade
over time. Patients’ GCS scores in the grade I and II groups
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Fig. 2. Graph shows sequential changes in the mean Glasgow Coma Scale
scores of each magnetic resonance imaging grade according to hospital
period.

Table 2. Statistical analysis of the mean time interval to awake status
between MRI grade

. Difference of mean time
MR grade interval to awake(days) P ;
[ s |l -8.79 1
(V| 5579 oot
Ivs, Il 4700 002t

*Comparison between two grades of MRI using one-way analysis of
variance (ANOVA), TSignificant difference between MRI grade | and Ill, T
Significant difference between MRI grade Il and Ill. MR magnetic
resonance imaging

began to improve soon after admission; those in the grade
III group did not improve until 1 month after injury.
Statistical analysis was performed for comparison of the
mean time interval to awake status of each grade (Table 2).
The mean time interval to awake status between the grade I
and II groups did not show significant difference; however,
there were statistically significant differences between the
grade I and III groups (p = 0.001) and the grade II and III
groups (p = 0.002) (Table 2).

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 pro-
longed 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
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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 accident
that produce long acceleration comparatively. Determina-
tion of its severity is based on the direction, magnitude, and
speed of the head motion during the injury sequence”.
Gennarelli et al.” reported a high correlation between the
direction of the head motion in acceleration and the
duration of coma in an experimental animal model study.
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 acce-
leration of the head”. In mild injury the lesions are locali-
zed within frontotemporal cerebral white mattes, stronger
injury of rotatory acceleration caused additional lesions on
corpus callosum and upper brain stem. Gennarelli et al.”
reported severe injury has a tendency to cause deeper lesions.

The time course of the pathological changes has been
established by Adams et al.” In humans, instantaneous
injury occurs to numerous axons in the white matter of the
brain, manifested by axonal retraction balls visible on mic-
roscopic examination. Gross lesions associated with severe
diffuse axonal injury in humans consist of hemorrhagic
tears in the corpus callosum and in the dorsolateral quad-
rant 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 demon-
strated”.

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 out-
come and do not correspond well to the patient’s GCS
score or neurological state'**”.

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 hemor-
thagic lesions on the white matter, corpus callosum, and
brain stem in diffuse axonal injury”'®".

Numerous clinical prognostic factors in patients with
severe head injuries have been studied, including initial
GCS, abnormal motor response, hypothalamic injury sign,
duration of loss of consciousness, initial pupil size, associated

hypotension or hypoxia, age, and sex"'>1>1¢19,

Hypoxia and hypotension have been known to be among
the most important associated medical conditions with
regard to outcome in severely injured patients*'*'>'®, Initial
GCS in patients with head injuries strongly correlates with
outcome, especially a GCS score below 5, which is associated
with a poorer outcome®®'>'9. Pupillary abnormalities such
as anisocoria or bilateral pupil dilatation due to herniation
have also been reported to correlate with poor prognosis'%.
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”'®'>'®. Kim et al.” reported an
association between higher MRI grade and longer duration
of loss of consciousness, but not statistically significant
difference between MRI grade and outcome or clinical
severity. Oh et al.”?
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. And Park et al."¥ reported that 14.3%
of patients with cerebral white matter lesions did not
recover their consciousness and 50% of patients with corpus
callosum lesions, 51.6% of patients with brain stem lesion
did not recover their consciousness.

In our study, initial GCS scores of each MRI grade were
similar, but sequential changes in GCS scores looked
different : the mean GCS scores of the grade I and II groups
tended to improve within 5 days, but GCS score improve-
ment was not seen in the grade IIT group until after 1 month
(Fig. 2). We investigated the mean time interval to awake
status according to the MRI grade. Patients with grade I or
II injury recovered their consciousness within 2 weeks.
Patients with grade III injury recovered consciousness within
2 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

I‘CpOI‘th worse outcomes in patients

brain stem.

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 MR,
despite the limitation of a small study population. Patients
with diffuse axonal injuries with small hemorrhagic lesions
on the hemispheric white matter or corpus callosum reco-
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vered consciousness within 2 weeks. In contrast, patients
with additional lesions on the brain stem did not recover
consciousness within 2 months.
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