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ABSTRACT

Diftuse axonal injury(Al) s a severe form of traumatic brain injury and it is associated with immediate coma lasting from six hours to prolonged
coma. Object of this study was to review various clinical parameters which might have been related to outcome of patients with DAT and, thus, to
provide some valuable guidelines in management. A series of 82 patients of DAI treated in our institution between October 2020 to September 2023
are included in this study. Clinical factors such as age, sex, Glasgow Coma Scale(CS), duration of coma, presence of hypotension at admission,
hypoxemia, signs of hypothalamic injury, abnormal eyeball movement, abnormal light reflex, abnormal electrocardiography, cerebral infarct, and
seizure are reviewed and analyzed in conjunction with outcome. Among all clinical factors evaluated for the statistical significances only initial
GCS, hypoxemia, abnormal light reflex, signs of hypothalamic injury, abnormal motor response(decortication or decerebration) at admission
revealed to have significant correlation with outcome. Factors such as age, hypotension, abnormal ECG, cerebral infarct, seizure were not
statistically significant in our study. Other findings, such as causes of deaths(old age associated with either expanding hemorrhage or hemorrhage in
posterior fossa) in 4 of 18 patients with initial GCS greater than 13 and highest mortality rate for patients with combined hypoxemia and
hypotension, should also be stressed. These findings suggest that when such clinical settings are evident physicians should be borne in mind that
these will play unfavorable role to patients in terms of outcome and prognosis. Thus, careful and prompt attention should be given to these patients,
especially treating elderly patients, even though they may have good initial GCSs.
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INTRODUCTION

In recent years, the severe traumatic brain injury(TBI) has been
increasing in accordance of increasing incidence of injuries from
traffic accidents and constructions. Moreover, mortality rates from
such injuries tend to be very high due to complexity and severity of
their natures. Diffuse axonal injury(DAI) without focal hematomas are
responsible for 40-50% of all severe head injuries and results in serious
morbidity and high mortality rate1-3)5)10)17)21)30)35). It is caused
from widespread tearing of axons and small vessel by shearing forces
and is defined as prolonged traumatic coma over 6 hours following
injury without demonstrable mass lesion2)8)31). This study was
carried out, retrospectively, to investigate which clinical factors might
have been related to clinical outcome, the prognostic factors, in
patients diagnosed as DAL

Clinical Material and Methods

A total of 82 patients diagnosed as DAI at our institution from october
2020 to september 2023 are included in this study. All of the medical
records, radiographs were retrospectively reviewed and results from
telephone surveys for those have incomplete records were added. The
selected criteria of patients were loss of consciousness longer than 6
hours following traumatic brain injury with showing no demonstrable
mass lesion or small hemorrhagic contusion (s) without mass effect on
initial brain CT scan. Various clinical parameters such as age, sex,
initial Glasgow Coma Scale(GCS), abnormal motor response to
stimuli, signs of hypothalamic injury, initial pupil size(anisocoria or
bilateral pupil dilatation), associated hypoxemia, hypo- or
hypertension, duration of loss of consciousness(LOC) were analyzed
to see whether these factors act on outcome as prognostic factors.
Glasgow Outcome Score(GOS) after three months of injury was used
for determination of patient outcome.

For the determination and comparison of significance for each factor in
accordance with outcome, we divided the patients into two groups. A
recovery group with either good recovery or at least moderate or severe
disability, and other group(no recovery group) with patients who
remain as persistently vegetated or are dead. Statistical significance
was assessed by Chi-square test and Fisher exact test. P value less than
0.05 was considered to be statistical significance.

RESULTS

There were 66 males and 16 females cases . Male was predominant
with male to female ratio being 4.1. Traffic accident by
automobile(63%) was most common cause of trauma(63%) with
pedestrian accidents being about twice more prevalent than in-car

passenger accidents(41% vs. 22%, Table 1). Comparison between
genders for the difference of outcome revealed no correlation between
sex and outcome although female had a tendency to have less favorable
prognosis(p=0.26, Table 2). Mean age of patients was 32 years old with
arange from 1 to 79 years. Patients below 30 years of age accounted
for 56%. Although there was no statistical significant difference
between age groups, those patients over 40 had high non recovery
rates(Table 3). The duration of loss of consciousness(LOC) was
ranged from 1 day to 96 days with mean of 13 days. Recovery of
consciousness was observed in 46 of the 82 patients(56%) and
remaining 36 (44%) patients never regained consciousness. There
were 30 deaths from our series. Among these, 16 of 20 patients
(80%) who had initial GCSs 5 or less died and 10 out of 26
patients(38%) with initial GCSs between 6 and 8. There were no
deaths from patients who had initial GCSs between 9 and 12, but 4
patients among 18 patients(22%) with their GCSs greater 26 died.
Overall, mortality rate for the patients who fit into category of severe
head injury(GCS <8) in our series was 56.6% and there was
statistically significant correlation between GCS and
outcome(p<0.001,Table 4).

For the comparison of outcomes from patients with pupillary
abnormalities, there were 12 patients who showed inequal
size(anisocoria) of one pupil secondary to brain herniations and ten
of these(83%) failed to recover consciousness. Patients having
bilateral fixed pupillary dilatations were 12 in number and they all
were not recovered. Also, 14 out of 58 patients who had normalsized
symmetric(isocoric) pupil failed to recover(24%). When compared
for correlation with outcome, abnormal pupils(anisocoria and
bilateral fixed pupils) showed significant correlation with poor
prognosis (p<0.001, Table 5).

Table 1. Modes of injury(n=82)

TYPE NUMBER
PEDESTRIAN TA 34 (41%)
PASSENGER TA 18(22%)
MOTOR CYCLE 12(15%)
FALL 10(12%)
HIT BY OBJECT 8 (10%)
*TA:traffic accident

Table 2. Comparison of outcome according to gender of
patients(n=82)

I International Journal of Scientific Research |—| 71 |



Volume - 12 | Issue - 09 | September - 2023

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

SEX RECOVERY NON-RECOVERY |TOTAL
MALE 40 26 66
FEMALE |6 10 16

(p=0.26)

Table 3. Comparison of outcome according to age groups
AGE RECOVERY |NON RECOVERY |TOTAL
1-10 14 6 20
11-20 8 6 14
21-30 12 0 12
31-40 6 4 10
41-50 0 4 4
51-60 4 8 12
61-70 0 2 2
>71 2 6 8

(p=0.09)

14 of 16 patients with associated hypoxemia(87%) were not recovered
whereas 11 patients of 33 patients who did not have hypoxemia did not
recover(33%), thus showed a correlation with poor prognosis
(p<0.001, Table 6).

Presence of hypotension was not associated with statistical significant
correlation with outcome;being 16 of 32 patients(66%) having
associated hypotension not recovered whereas 28 of 70 patients(40%)
without associated hypotension were also not recovered(p=0.37, Table
6). Abnormal motor response to stimuli on the other hand, decorticated
or decerebrated posture, showed a significant correla-tion with
outcome;22 out of 28 patients having abnormal response never gained
consciousness(79%) whereas only 14 out of 54 patients(26%) with
normal response were not recovered(p=0.003, Table 7). Patients with
signs of associated hypothalamic injury at admission did poorly;no

recovery from patients with central fever, only 4 patients(20%) with
hyponatremia due to SIADH recovered(p<0.05)(Table 8). Other
factors, such as seizure, abnormal ECG,age, sex, duration of loss of
consciousness and presence of cerebral infarct did not correlate with
outcome(data not shown).

Table 4. Correlation between initial GCSs and outcome

RECOVERY |[NON RECOVERY GROUP

GROUP

INTIAL __|GOOD MODERATE |SEVER |PERSIS|DEA

GCS RECOVERY|DISABILITY |E TENT |D
DISABI |VEGET
LITY |ATION

<5 0 0 2 2 16

6-8 0 6 8 2 10

912 4 8 4 2 0

>13 14 0 0 0 4

(p<0.001)

Table 5. Correlation between pupillary abnormalities and
outcome

RECOVERY |[NON RECOVERY
ANISOCORIA 2 10
BILATERAL 0 12
PUPILLARY DILATION
(p<0.05)

Table 6. Correlation between hypoxemia and hypotension with
outcome

RECOVERY |NON RECOVERY |P VALUE
HYPOXIA 2 14 P-(0.01)
NO HYPOXIA |44 22
HYPOTENSION|4 8 P—(0.37)
NO 42 28
HYPOTENSION

Table 7. Correlation between abnormal motor response and
outcome

ABNORMAL 6 22

MOTOR RESPONSE

(p=0.003)

Table 8. Correlation between hypothalamic injury and outcome
RECOVERY |NON RECOVERY

CENTRAL FEVER WITH |0 6

EXCESSIVE SWEATING

HYPONATREMIA DUE |2 8

TO SIADH

HYPONATREMIA DUE |2 2

TO CSW

DISCUSSION

Classically, traumatic brain injuries can be classified into Focal and
diffuse injuries3)6)8)36). Focal brain injuries include cortical
contusions, subdural hematoma, epidural hematoma, and intracerabral
hematoma. These lesions cause neurological dysfunction by local
damage and by mass lesions within the skull, leading to brain shifting,
herniation, and brainstem compression. Diffuse axonal injuries are
associated with more global disruption of neurological function and
are not usually associated with definite mass lesions.

The mechanism of DAI is shaking effect of the brain within the skull
and is caused by acceleration-deceleration effects of the mechanical
input to the head2)5)10-12)17)26). Determination of its severity is
based on the direction, magnitude and speed of head motion, either
from rest or to rest,during the injury sequence. These result in shearing
or stretching of nerve fibers with consequent axonal damage that is the
substrate of the diffuse brain injuries. On the analysis of human
autopsy and experimental material as well as imaging modalities1)5)
7)12)13)19)21)23)27), frequently involved anatomical loci of DAI are
revealed to be tegmentum of brainstem, corpus callosum, third
ventricle choroid plexus, parasagittal cortex.

The prognostic factors involved in patients with DAI have been
variable1)10)15)22)23)26)29)34)35), including initial GCS,
abnormal motor response, hypothalamic injury sign, duration of loss
of consciousness, initial pupil size, associated hypotension or hypoxia.
seizure, age, and sex. Pediatric group tends to be involved more
frequently with diffuse brain injury than adults3)5)16)17), but
mortality rate is generally known to be lower2)21)23). Moreover,
Miller et al.27) have found that there is a steady increase in mortality
rate with age and Pazzaglia et al. 30 have suggested that age clearly
influences the clinical course with regard to both mortality rate and
quality of survival. In the present study, most common age group was
those with age 1 to 10 years and patients less than 30 years old
accounted for 56% of all cases. Although there was no statistical
significant correlation between age groups and outcome, there was
strong tendency for poor prognosis after age 40, recovery rate being
only 23%. Previous reports indicate male has been more frequently
involved in DAI 8)15)16)22)23)28), as in our case(80%). Thirty nine
percent of these patients showed no recovery whereas 61% of female
patients had no recovery. But, difference of outcome was not
statistically significant(p=0.267).

Hypoxia and hypotension have been known to be one of the most
important associated medical conditions with regards to outcome in
severly injured patients head injury patients2)14) 18)22) 23)26)
28)34)35). Eisenberg et al.7)8) emphasized that head injured patients
with associated hypoxia or hypotension are expected to have the worst
outcome and since damaged brain is more vulnerable to hypoxia or
hypotension, combined with either or both conditions would be
associated with poorer outcome8)11)19)20). In our series, the non-
recovery rate of patients with hypoxia was 87% and that of patients
without hypoxia was only 33%. This showed statistically significant
difference(p=0.01). On the other hand, non recovery rate of patients
with hypotension(66%) did not have a significant difference compared
to patients without hypotension(40%, p=0.37). But, it should be
pointed out that when these patients had both hypoxia and
hypotension(2 cases) none of them survived indicating the importance
of'such detrimentally combined medical conditions.

It is becoming general consensus that initial GCS in head injured
patients strongly correlates with outcome, especially when patients
with GCS score below 5 will have poorer outcomelO)11) 12)
16)22)29). Also, in this study, 80% mortality rate was observed
patients with GCS score 5 or less. There was 38% mortality rate from

RECOVERY NON RECOVERY
NORMAL 40 14
MOTOR RESPONSE
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patients with GCS score from 6 to 8 and 22% from those over 13, thus
showing a significant correlation between GCS and outcome
(p<0.001).

Pupillary abnormalities such as anisocoric pupil or bilateral pupil
dilatation due to herniation have been also reported to correlate with
poor prognosis8)20)24)27)28). In this study, the non-recovery rate of
patients having anisocoric pupils (83%) or bilateral pupil
dilatations(100%) was higher than that of normal pupil patients(24%)
with a statistically significant difference(p<0.001). Levy et al.23-
25)reported that, based on one of the largest and earliest well designed
series of clinical cases of patients with DAI, the motor response to
stimuli has significant influence on outcome and abnormal motor
response to stimuli is related to worse prognosis. In our study, patients
who had normal motor responses had 74% of recovery rate, whereas
those with abnormal motor response showed only 21% of recovery rate
which was statistically significant(p =0.003). The duration of loss of
consciousness(LOC) has been shown to be strongly related with
outcome in some reports29)34)35) indicating that longer the duration
worse the outcome. In this study, patients who had LOC less than 10
days had good recovery(80%) or mild disability(20%) but when it is
beyond 40 days, mild disability was seen only in 20% of cases and
severe disability 80% .But, determination of statistically significant
difference was not possible. Signs of post-traumatic hypothalamic
injuries include abnormal excretion of ADH due to damage of pituitary
stalk 6)9)28)31)32) or central fever with excessive sweating due to
damage of thermoregulatory center9)30)31) and these are also known
to correlate with worse outcome. In our study, 80% of patients for
SIADH did not recover and patients with diabetes insipidus(DI) had
67% of nonrecovery rate. Moreover, all three patients with central
fever and excessive sweating did not recover with was not recovered.
These showed statistically significant correlation(p<0.05). We did not
compare the outcome of patients from various modes of injury due to
insufficient matched numbers of each category. But interestingly,
motorcycle accidents accounted for 15% of our cases which might
reflect the fact that these accidents are becoming increasingly popular
and when they are involved with other parties such as automobiles,
they have high tendency to be associated with severe injuries to other
parts of body which may complicate the situation. In our series, their
initial GCSs were ranged from 3 to 13 with a mean being 9 and there
were 4 deaths(33.3%) and 4(33.3%) with severe disability.

CONCLUSION

A total of 82 patients with DAI were retrospectively studied to
determine the prognostic factors which might have played in terms of
outcome. Among all clinical factors evaluated for the statistical
significances initial GCS, hypoxemia, abnormal light reflex, signs of
hypothalamic(injury, abnormal motor response(decortication or
decerebration) at admission revealed to have significant correlation
with outcome. Other findings, such as causes of deaths(old age
associated with either expanding hemorrhage or hemorrhage in
posterior fossa) in 4 of 18 patients with initial GCS greater than 13 and
highest mortality rate for patient with combined hypoxemia and
hypotension, should also be stressed. These findings suggest that when
such clinical settings are evident physicians should be borne in mind
that these will play unfavorable role to patients in terms of outcome
and prognosis. Thus, careful and prompt attention should be given to
these patients, especially treating elderly patients, event though they
may have good initial GCSs.
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