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Abstract: Objective: To analyze the relationships between the clinical features and the prognosis of diffuse axonal
injury (DAI) for further comprehensive treatment. Methods: According to the length of time of coma after injury, 36
DAl patients were divided into three groups, namely the mild group, the moderate group, and the severe group. The
clinical features, the CT data (Siemens, Germany, 32-slice) and the treatment results of these three groups were
analyzed. Results: Among the 24 patients (66.7%) in the severe group, CT scanning within 24 h after injury revealed
that 12 patients (50%) had punctiform high-density shadows in different brain regions. Among these 24 patients, 7
patients died, and 9 patients exhibited a good prognosis; among the 7 patients (19.4%) in the moderate group, CT
scanning revealed only 2 cases of punctiform high-density shadows inside the brain, and except for 1 case of mod-
erate disability, the rest all exhibited a good recovery. Among the 5 patients (13.9%) in the mild group, CT scanning
only found abnormalities in 1 patient (small bleeding in the arachnoid), and all the patients recovered well. When
admitted, the moderate-severe group exhibited significantly lower GCS than did the mild group (P < 0.05, P < 0.01),
and the primary coma duration time was significantly longer than it was in the mild group. Conclusions: The patients
with traumatic brain injury-caused comas that lasted for more than 6 hours and whose CT scanning could not reveal
obvious space-occupying lesions could be diagnosed as DAI. Clinical grading, GCS and primary coma time could
help determine the prognosis, and comprehensive treatment might achieve satisfactory effects.
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DAI, we summarized a set of CT radiological
characteristics, and our department treated 36
DAl patients from April 2010 to September
2012, and their clinical features, diagnoses,
and prognoses are summarized below.

Introduction

Diffuse axonal injury (DAI) has a high incidence,
its early diagnosis is often unspecific, and con-
ventional CT scanning often gives negative
results. However, axonal injury is normally seri-
ous, and can cause persistent coma, even
death, and its rates of disability and mortality
are high and its prognosis poor. Currently, clear
diagnostic tools and effective treatment are
still lacking. In DAI, axonal structures are often
damaged because of acceleration injury-
induced shear forces [1]. Meanwhile, small

Clinical data
General information

This study included 27 males and 9 females.
The youngest was 3 years old, and the oldest
was 76 years old, the mean age was 38.4 years
old. 32 cases were the result of traffic acci-

blood vessels in corresponding regions can be
ruptured and bleed, and the wider the range,
the worse the prognosis [2, 3]. Currently, as for
DAl treatment, determining the prognosis is still
difficult, and normally, patients with low GCS
and bleeding sites at the midline generally
exhibit severe clinical symptoms and poor prog-
noses [4-8]. According to the clinical features of

dents, and 4 cases were the result of falls.
Clinical grouping

DAI diagnostic criteria: brain injury-caused pri-
mary coma lasting more than 6 h, cranial CT
examination found no obvious space-occupying
lesions (intracranial hematoma > 20 ml), and
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Table 1. Comparison of basic clinical conditions among the groups

within 3 days after be-

(X =) ing admitted, and cal-
group cases age (years) (points) coma duration (d) cmrr; db|90k?[:13 Werle
Mild group 5 21794464 1002+165  0.71+0.19 applied in _ the —early

. . stages. Patients with
Moderate group 7 30.54+9.67 7.01+1.08 425+ 1.72

Severe group 24  31.25+1896 5.64+1.22"% 38.87 +34.11"

t-SAH received calcium
antagonists, and pati-

Compared with the mild group: “P < 0.05 **P < 0.01; compared with the moderate group: *P

<0.05.

Table 2. Comparison of basic clinical conditions among the patients with

different prognoses (X * s)

ents with more sub-
arachnoid hemorrhage
underwent lumbar pu-
nctures to release blo-
od cerebrospinal fluid,

and the rest of the
coma duration

Prognosis group cases age (years)  GCS (points) p treatments were per-
@ formed mainly to main-
Death 7 3256+27.56 4.52+0.75" 37.33+418" tain the metabolic bal-

(prolonged) agrypnocoma 4 32.01 + 14.74 4.90+0.75" 91.02 + 0.00™
2724 +8.76 6.01+0.73" 20.54 + 16.97
19 28.34+13.45 793+1.49 8.76 + 7.42

Disability 6
good prognosis

ance of water, electro-
lyte, blood gas, and
blood sugar; their air-

Compared with the good prognosis group: “P < 0.05 P < 0.01.

the midline was basically maintained in the
center. According to the post-injury coma peri-
od, the patients were divided into the mild
group, the moderate group, and the severe
group. Mild group: 5 cases, accounting for
13.9%, with post-injury primary coma lasting
6-24 h; moderate group: 7 cases, accounting
for 19.4% with post-injury primary coma lasting
24 h-7 days; severe group: 24 cases, account-
ing for 66.7%, with post-injury primary coma
lasting more than 7 days, or if not more than 7
days, signs such as post-injury decerebrate
rigidity or brainstem rigidity appeared, and the
patient might die in a short time.

CT data of each group within 24 h after DAI

All patients underwent CT scanning within 24 h
after injury, and found no significant midline
shift, or intracranial hematoma > 20 ml and
contusion lesions that were big enough to
cause significant space-occupying effects. 6
patients exhibited diffuse brain edema (DBE) in
CT within 4 h after injury, and the ventricular
system shrank. 18 patients exhibited traumatic
subarachnoid hemorrhage (t-SAH).

Treatment methods

No patient underwent surgery. Once clinically
diagnosed as DA, patients with GCS < 8 points
were sent to the ICU for treatment. 6 DBE cases
underwent tracheotomy and hyperventilation
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ways were kept open,

preventing lung infec-

tions and other compli-
cations; given adequate nutritional support,
neurotrophic drugs, analepsia, and hypother-
mia treatment, etc. Patients with midline inju-
ries were given hormones, and patients with
cranial hypertension were given mannitol.

Statistical methods

All data are expressed as X + s, and the inter-
group comparison used the t test, with P < 0.05
considered as significantly different.

Results

Comparison of basic clinical conditions among
the groups

As shown in Table 1, there was no significant
difference in age among the three groups (P >
0.05), but the GCSs of the severe group and the
moderate group were significantly lower than
the mild group (P < 0.01, P < 0.05), and their
coma durations were also significantly longer
than the mild group (P < 0.05).

Comparison of basic clinical conditions among
the patients with different prognoses

As shown in Table 2, the patients with different
prognoses were divided into 4 groups, namely
death, prolonged coma, disability and good
prognosis, and the relationships between basic
their clinical conditions when they were admit-
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ted and their prognoses were analyzed, and it
was found that there was little relationship
between age and prognosis, but the relation-
ship between post-injury coma duration and
prognosis was close. At the same time, the
GCSs, when admitted, of the patients whose
prognoses were death or prolonged coma were
significantly lower than those with good progno-
ses (P < 0.01), and the patients with good prog-
noses also exhibited significant differences
than those with disabilities (P < 0.05).

Analysis of other clinical conditions

(D CT Scanning: the mild group had 1 case that
exhibited t-SAH (small) in the CT scanning with-
in 24 h after injury; the moderate group had 2
cases of abnormalities, including a skull frac-
ture and t-SAH; and the severe group exhibited
abnormal CT scanning results in all cases,
including punctiform high density shadow,
t-SAH, skull fracture, and brain edema. @
Prognoses: all patients in the mild group exhib-
ited good prognoses; the moderate group had
5 cases of good prognoses, and 2 cases of dis-
abilities; the severe group had 11 cases of
adverse prognosis (death and prolonged coma),
4 cases of disabilities, and 9 cases of good
prognosis.

Discussion

DAl was primary diffuse brain trauma, with a
high incidence, and accounted for about 50%
of all severe traumatic brain injuries. In DA,
axonal structures might often be damaged
because of acceleration injury-induced shear
forces [1]. Meanwhile, the small blood vessels
in the corresponding regions might be ruptur-
ed and bleed, and the wider the range, the
worse the prognosis [2, 3]. Currently, as for DAI
treatment, determining the prognosis is still dif-
ficult, and normally, patient with low GCS and
bleeding sites in midline would exhibit severe
clinical symptoms and poor prognoses [4-8],
and their mortality accounted for 35% of the
patients who died of brain trauma. It was found
that 66% of the patients who died within the
first day after brain trauma had pathological
changes of DAIL. There is no effective treatment
currently, and the treatment for this type of
brain injury has attracted more and more atten-
tion clinically.

The concept of DAl was first proposed in the
mid-1980s and referred to different-degree
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extensive axonal injuries in multiple cerebral
sites caused by brain trauma. It was suggested
that patients with continuous coma after brain
injury for more than 6 h, whose CT scans were
normal or exhibited punctiform high density
shadows, or exhibited no significant intracrani-
al space-occupying lesions, could be diagnos-
ed as DAI [12]. In this study, the shortest con-
tinuous coma duration after injury was 12
hours, and none of the cases exhibited any sig-
nificant space-occupying lesions in the CT
scanning images, with the midline lying in the
center basically, and only 12 patients exhibited
punctiform high density shadows in CT scan-
ning (except for arachnoidal hemorrhage and
brain edema) and met the diagnostic criteria.
But the author believed that the reason that the
patient died within 6 h after traumatic brain
injury was due to other associated injuries
instead of traumatic brain injury; the head CT
scan showed no obvious intracranial space-
occupying lesions, the GCS was < 6 points, and
the patient also had significant brainstem inju-
ries, which were also classified as DAI. But the
diagnosis of DAI needs to be distinguished from
traumatic DBE. Traumatic DBE is caused by the
increased cerebral blood flow, which is the
result of trauma-caused secondary cerebrovas-
cular autoregulation dysfunction.

GCS could be used as a simple indicator of
traumatic brain injury and prognosis judgment,
which is still suitable for DAl patients. From
Tables 1 and 2, we know that the GCSs of the
three groups had significant correlations with
their prognoses. Furthermore, coma duration
was also closely related to the prognosis, and
the longer the coma, the worse the prognosis.
The most significant clinical feature of the DAI
patients was the long-term coma (with persis-
tency) after injury, which was not caused by
brain herniation, but the result of widespread
axonal injury and a fracture-caused extensive
inhibition of the upstream activation system
and cortex. Adams [12] divided DAI into three
levels, Level |: microscopy revealed retracted
axonal balls in wide brain areas, including cor-
pus callosum, cerebellar peduncle, and brain
stem, etc.; level llI: in addition to the features of
level I, there were punctiform contusions in the
subcortical corpus callosum, cerebellar pedun-
cle, etc.; level Ill: In addition to the features of
level I, punctiform contusions and bleeding
foci appeared in brainstem. In this group, the
severe group (24 patients), 12 patients had
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brain stem symptoms, and this is consistent
with pathological level lll, so it could explain
why the severe patients had more brainstem
symptoms clinically.

Studies have shown that DAI patients do not
show any characteristic changes in CT scanning
[6, 8, 9] that existed when their brain tissue
was tearing and bleeding, and CT could exhibit
a punctiform high density shadow, so the path-
ological level | would exhibit normal CT scan-
ning results, but the patients in levels Il and llI
or with clinical moderate or severe symptoms
would only exhibit punctiform high density
shadows in different brain regions in high-reso-
lution CT; therefore, a punctiform high density
shadow is not a specific positive indicator for
clinical diagnosis. In this study, only 1 patientin
the mild group exhibited abnormal CT images
within 6 h after injury (light bleeding in the
arachnoid); the moderate group had 2 cases,
and the severe group had 12 cases, indicating
that early CT scanning after injury did not show
a high positive rate. (But those in the severe
group showed abnormalities in the 24-h review).
Therefore, the symptom of continuous coma for
more than 6 h after injury, and normal CT scan-
ning could be used as powerful evidence in
diagnosing DAI.

We still lack an effective treatment for DAI. As
for DAl salvage therapy, through a retrospective
summary, this study considered that the key to
improving efficacy was to adopt comprehensive
treatment. Modern research has shown that
[9-14] only a small proportion of axonotmesis
cases were caused by trauma-caused immedi-
ate shear forces, and the subsequent emer-
gence of axonal retraction balls were the result
of a series of pathophysiological changes after
axonal injuries. In the early stages, the perme-
ability of the axonal membrane was increased,
and a large calcium influx was an important
pathological process which could result in the
deposit of a large amount of calcium intracel-
lularly and cause the death and apoptosis of a
large number of cells. The clinical treatment to
this end should be more efficacious. The 36
patients in this study were given (early) calcium
antagonists, but it should be noted that their
blood pressure should not be reduced too
much. Early hypotension and hypoxemia are
the main reasons for the increased mortality
and disability of DAI patients; therefore, an
early tracheotomy, if necessary, and a ventila-
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tor could be used, is the key to improving the
survival rate of patients with severe DAI, which
could maintain airway patency, reduce respira-
tory failure-resulted death, and provide effec-
tive protections to cooling and cerebral protec-
tion. Meanwhile, the internal environment
should be kept stable, and the imbalance of
blood-gas, blood sugar, water and electrolytes
should be corrected, complications should be
prevented, and nutritional support is also nec-
essary. The patient with SAH should undergo a
lumbar puncture to release bloody cerebrospi-
nal fluid to adequately increase blood pressure
and to maintain cerebral perfusion pressure.
Secondly, the sites and circumstances of inju-
ries should be quickly determined according to
CT or MRI findings to determine whether emer-
gency surgery should be done or not. The
patients that need no surgery should have their
intracranial pressure reduced, in order to main-
tain stable vital signs and internal environ-
ments. Meanwhile, patients should undergo
sub-hypothermia treatment as soon as possi-
ble, in order to reduce brain oxygen consump-
tion, increase the tolerance of the central ner-
vous system to hypoxia, reduce cerebral
edema, and increase intracranial pressure [5,
6]. The awareness of DAl patients is unclear,
and because they cannot eat, with more com-
plications, nutritional support treatment should
be given to prevent and treat complications.
Patients should also carry out early physical
exercise to strengthen their bodies and reduce
the rates of morbidity and disability. Hyperbaric
oxygen therapy could be performed to promote
the recovery of nerve cells, reduce cerebral
edema, improve microcirculation, and increase
blood supply towards the lesion area.
Hyperbaric oxygen therapy also allows im-
provements in the reticular activating system
and brainstem functions, thus improving
the metabolism of the brain cells, 3) the appli-
cation of naloxone could inhibit the secretion
of B-endorphin, deplete opioid receptors, thus
avoiding opioid peptide-increasing caused
secondary brain damage, especially towards
DAl-caused coma and respiratory depression,
naloxone could quickly reverse the uncon-
sciousness, release respiratory depression
nerve growth factor, and naloxone could pro-
mote the recovery of brain functions, and help
the comatose patients wake up; thus, it
would have significant impacts on prognosis
[15-20]. In short, DAI should be dealt with cor-
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rectly and effectively, and an early correct
diagnosis and comprehensive treatment mea-
sures are the keys to reduce the rates of
mortality and disability, as well as to obtain a
good prognosis.
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