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ABSTRACT

Background: The objective of our study is to demonstrate the role of 3 Tesla MRI in detecting the diffuse axonal injury of brain. Subject and
methods. It is a hospital based prospective observational study which is carried out in 35 patients with history of head injury referred to the
department of Radio-diagnosis, Naryana Medical college. Patients having recent closed head injury with Glasgow coma Scale 12 and below and
patients having neurological deficit in head injury with normal CT scan of brain, irrespective of mode of injury are included in the study. Results:
Out of 35 patients, we correlated GCS, LOC, GOSE with the lesions in the various locations in brain. Conclusion: SWI is a better imaging
sequence to detect DAIL. MRI scores over the CT in diagnosing DAI. MRI has an added advantage of being non ionizing modality.
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INTRODUCTION

The term "diffuse axonal injury" refers to a sub-type of traumatic brain
injury (TBI) caused by a direct brain injury. TBI is one of the common
causes of death and disability in adolescents and young adults in
United States.According to the Centers for Disease Control and
Prevention (CDC), apprx. 1.5million cases of TBI have been reported
in the United States each year.The true prevalence of DAI is unclear.
However, 10% of all TBI patients admitted to the hospital are expected
to have some degree of DAL

It is estimated that approximately 25% of DAI patients will die.
Because cases with SDH, EDH and other types of TBI do not have a
true diagnosis of DAI, this statistic may be underestimated.
Postmortem studies have revealed that patients with severe TBI have a
high incidence of diffuse axonal injury'.In the context of an
appropriate clinical presentation, Computed Tomography (CT) brain
findings of tiny haemorrhages to white matter tracts implies diffuse
axonal injury'. Overall, the yield of CT head in diagnosing DAI and
related injuries is low.DAI should be considered in patients who do not
improve following surgical drainage of SDH or EDH. DAI may not be
seen if patients dramatically improve upon surgical evacuation of
subdural or epidural hematoma. Currently there are no laboratory
investigations to diagnose DAL However, there is currently research
being conducted to identify molecular markers in the serum of patients
with traumatic brain injury to aid in the diagnosis of DAI'".

AIMSAND OBJECTIVES

1) To understand the significance of MRI in diffuse axonal injury of
brain.

2) To enable the clinicians to co-relate the clinical manifestations &
findings on MRI to predict the outcome.

3) To co-relate the duration of Loss of consciousness and Glasgow
Coma outcome Scale in DAI of brain with findings on MRI.

MATERIALSAND METHODS:

This is a hospital based prospective study among 35 patients referred to
the department of Radiodiagnosis, Narayana medical college, Nellore
foraperiod of 18 months.

Inclusion Criteria
1.) Patients having recent closed head injury with Glasgow coma
Scale 12 and below.

2.) Patients having neurological deficit in head injury with normal CT
scan of brain, irrespective of mode of injury are included.

Exclusion criteria

1.) Patients having history of claustrophobia.

2.) Patients having history of metallic implants insertion, cardiac
pacemakers and metallic foreign body insitu.

3.) Patients with open skull fractures.

4.) Patients with prior diagnosed neurological condition

5.) Patientsunder 18 years of age.

Statistical methods

Data is collected and compiled percentages are calculated. P value of
less than 0.05 will be considered statistically significant. Numerical
data were analyzed using the Chi-square test.

Method of study consists of :

A structured format containing patient details, clinical history,
physical examinantion and investigations who meet the inclusion
criteria were prepared and subjected to 3 Tesla MRI BRAIN(GE
discovery750 w). Two groups of images were collected, magnitude
images and phase images, which were loaded into the workstation for
post-processing.

The site of hemorrhagic foci were identified by two experienced
radiologists according to the characteristics of the focal distributions in
combination with SWIand conventional methods.

Protocol:

¢ Axial T1 weighted images,

Axial T2 weighted images,

Axial Fluid Attenuation Inversion Recovery (FLAIR),
Axial Suspectablity Weighted Images (SWI) and
Axial Diffuse Weighted Images(DWI).

e o o o

All images were assessed by an attending neuroradiologist and
neurosurgeons, in which the former was blinded to the clinical status of
the patients.

The Lesions were evaluated in the following sites - Corpus callosum,
Frontal, temporal lobes, Basal ganglia ,Thalamus and BrainStem.
Appearance of the lesions
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* Blooming on SWIsequences
*  Surrounding FLAIR hyperintensities.

GCS was assessed for each patient at the time of admission and
outcome was assessed in each patient after six months using Glasgow
Outcome Extended Scale (8 point scale).

Reference Cases
Casel.

32 year old male who had fallen from motor bike presented to
emergency OPD after 6 hours with loss of consciousness. E3V2M3 -
GCS atpresentation s 8.

»  Plain CT brain shows no significant abnormality.

*  FIG A - Further MRI Brain revealed - Tiny foci of blooming on
SWAN noted at grey white matter junction in para-sagital region
of left frontal lobe(arrow). Same case shows foci of blooming
noted in left lentiform nucleus
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FIG B - On follow up newer lesions appeared at right frontal lobe
(arrow).

Case2

A B

45 yr.old male who had history of motor vehicle collision came to our
hospital with loss of consciousness. On examination E2V2M3 - GCS
7.Fig.A- foci of blooming noted in periventricular region of left
frontal lobe (long arrow) and splenium of corpus callosum (arrow
head) in SWAN sequences.Fig.B- On subsequent scans, newer lesions
seen at left half of pons (dotted arrow) and bilateral temporal
lobes(arrows).

RESULTS

* Road Traffic Accident is the most comon mode of injury which is

associated with DAL

In our study, most of the people belong to 50- 59 years age group.

+  The study group showed predominance of GCS 8 and 9 and > 2/3"
patients were <9 in GCS.

*  Approximatly 50 % of study population had severe head injury as
per GCS.

* Analysing the various lesions in MRI Findings, it is observed that
most of them showed lobar lesions in SWI Sequence followed by
corpus callosum, brain stem and deep grey nuclei(basal ganglia
and thalami).

* In our study, most of the patients had lesions at multiple sites than
single site lesion.

¢ To study the relationship between GCS on Admission and
frequency of study population according to different sites of
lesions in SWlin cases of DAI

* Relationship between the Site of lesion and GCS.

GCS |No. of No. of |No. of No. of No. of
patients patients | patients with| patients with |patients
with Lobar |with CC|Brain stem |Basal ganglia | with No
lesions lesions |lesions and thalami |lesions

lesions

3 2 2 2 2 0

4 3 3 3 3 0

5 3 3 3 1 0

6 4 4 4 0 0

7 5 5 1 0 0

8 5 4 0 0 0

9 5 1 0 0 1

10 1 0 0 0 1

11 2 0 0 0 0

12 0 0 0 0 1

total |30 22 13 6 3

« Patients with basal ganglia, thalamic, brain stem lesions have
reduced GCS at the time of admission.

» Patients with corpus callosal lesions and those without any lesions
have good GCS at the time of admission

VII) To study the relationship between duration of LOC and frequency
of study population according to different site of Lesions in SWI in
cases of DAI - Tableno.11

Duration of  |Lobar |CC
LOC in days |lesions|lesions|lesions
1 0 0 0

Brainstem| Basal ganglia and/No
thalamic lesions |lesions

—

50
52
55
60
Total 13
Patients with brainstem, basal ganglia and thalamic lesions in addition
to lobar and corpus callosal lesions had longer duration of loss of
consciousness (LOC).
¢ Study about GOSE in patients with DAI
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* Spatientsdied, GOSE being 1.

»  7patients hada GOSE Score of 2.

e 1l patients scored 3 and 4 in GOSE scoring

*  9patients were in GOSE 5 and 6 with moderate disability.

* 3 patients were in GOSE 7 and 8 with good recovery.

*  Most of the patients with basal ganglia, thalamic and brainstem
lesions had poor prognosis with reduced GOSE. Patients who had
good recovery had either no lesions or few lobar lesions.

DISCUSSION

This is a study of patients presented to Emergency and Neurology
following closed head injury with very few or negative findings on CT
Brain for a period of 18 months. These patients had loss of
consciousness for several days to months. Few patients underwent
MRI Brain on dayl.And the remaining patients had MRI Brain at
varied timings. All of them were followed up for a period of two
months. As a suspicion of Diffuse Axonal Injury , SWI sequence with
filter phase are included in addition to the standard protocol of MRI
Brain in every patient. Location of haemorrhages were noted in all the
patients. Correlation has been made between the duration of LOC,
GCS with GOS, GOSE and the location of haemorrhages with long
term prognosis .

Maximum number of patients of DAI in present study belonged to 50-
59 years age group with clear cut male preponderance in DAI patients
and male: female ratio of 32:3. RTA(constitutes about 68.5%) was the
commonest cause of DAI followed by fall from height(constitutes
apprx.22.85%)’.0f 35 patients of diffuse axonal injury, SWI picked up
lesions in 32 patients. The patients were scanned for SWI MRI on
different days following injuries.

In this study of 35 patients, various data have been observed and
analyzed.

The GCS of 35 patients were analyzed which showed 65.7% of
patients had GCS less than 8 and 34.3% of patients were with GCS
more than 8.

The highest percentage of Glasgow coma scale incidence was in GCS
8and GCS 9. It corresponds to 17.1 and 20 % respectively.

In our study, patients with corpus callosal(22 patients- 62.8%) ,brain
stem(13 patients-37.1%), basal ganglia and thalamic(6 patients-
17.1%) lesions had low GCS(p <0.05) at the time of admission with
longer duration of loss of consciousness(p <0.05) and had worse
prognosis '’ as seen withreduced GOSE (p <0.05).

e Corpus callosal, brainstem, basal ganglia and thalamic lesions
have severe brain injury which is seen as low GCS at the time of
admission.

o Itstates that patients with corpus callosal, brain stem, basal ganglia
and thalamic lesions had longer duration of LOC.

« Itstates that patients with corpus callosal, brain stem, basal ganglia
and thalamic lesions have severe brain injury which is seen as low
GOSE after follow up.

It is proven that higher grades of DAI had poor outcome in the form of
reduced GOSE. Whereas patients with lobar lesions alone (25.7%)had
lower GCS, longer duration of LOC, lower Severe Disability and Good
Recovery GOSE which had non significant P values(>0.05).Hence,
Null hypothesis is accepted. This is because most of the patients had
combined brainstem and lobar lesions. This is a limitation in our study.

In present study, most of the patients (88.58%) of DAI belong to stage-
1T & stage-I1I on MRI findings. Our study reveals out of 35 patients , 5
patients with GCS of 3 on admission died on long term follow up after
50-60 days which constitutes approximatly 14.28% . And 2 (5.71%)
patients with GCS of 11,12 had full recovery in the form of resolving
lesions following 3 to 5 days of trauma.

Out of survivors(30 patients), 23 patients (76.6%)are dependent with
GOSE of 2,3,4and 5.And 5 (16.6%)patients are independent with
GOSE 6 and 7 and 2 patients(6%) had full recovery with GOSE 8.

Progression/resolution of lesions on follow up MRI scans as
follows:

One of the patient with GCS 5 had developed newer lesions at lobar,
corpus callosal, brainstem and basal ganglia sites. The remaining

patients with GCS of 5 and 6 at the time of admission also developed
newer lesions at all sites except at basal ganglia and thalamic sites.
One of the patient with GCS scale 7 had developed newer lesions at
lobar, corpus callosal, brainstem and basal ganglia sites. The
remaining patients with GCS of 7 and 8 also developed newer lesions
at all sites except at basal ganglia and thalamic sites. Two of the
patients with GCS 8 had developed newer lesions at lobar and corpus
callosum. The remaining patients with GCS 8 also developed newer
lesions at all sites except at basal ganglia and thalamic sites. Patients
with GCS of 9 and 10 at the time of admission had developed newer
lesions only atlobarand corpus callosum.

CONCLUSION

MRI is the modality of choice to detect Diffuse Axonal Injury in the
cases of negative CT Brain findings’. Especially Susceptibility
Weighted Imaging (SWI) is the sequence of choice to detect
haemorrhages in various locations apart from contusions’’.

In present study, maximum cases of DAI were recorded in age group of
20-40 years with male preponderence. The commonest mode of injury
was road traffic accident followed by fall from height. Glassgow Coma
Scale (GCS) has been recorded for every patient at the time of
admission to grade the severity of injury following head injury.

Most of the DAI victims belonged to severe head injury group. Patients
with Basal ganglia, thalamic and brain stem lesions had low GCS at the
time of admission followed by patients with corpus callosum and lobar
lesions.Patients with basal ganglia and brain stem lesions had longer
duration of Loss Of Consciousness (LOC) followed by patients with
corpus callosal and lobar lesions.

On follow up patients with basal ganglia and brain stem lesions had
developed newer lesions resulting in poor prognosis which is recorded
with reduced GOSE. Whereas patients with corpus callosal lesions
had less durations of LOC (faster recovery)when compared to patients
with patients with basal ganglia and brain stem lesions.

REFERENCES

1. Mesfin FB, Gupta N, Hays Shapshak A, et al. Diffuse Axonal Injury. [Updated 2022 Jun
21]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2022 Jan-.
Available from: https://www.ncbi.nlm.nih.gov/books/NBK448102/.

2. Palmieri M, Frati A, Santoro A, Frati P, Fineschi V, Pesce A. Diffuse Axonal Injury:
Clinical Prognostic Factors, Molecular Experimental Models and the Impact of the
Trauma Related Oxidative Stress. An Extensive Review Concerning Milestones and
Advances. Int J Mol Sci. 2021 Oct 8;22(19):10865. doi: 10.3390/ijms221910865.
PMID: 34639206; PMCID: PMC8509530.

3. Vieira RACA, Paiva WS, de Oliveira DV, Teixeira MJ, de Andrade AF and Sousa RMC
(2016) Diffuse Axonal Injury: Epidemiology, Outcome and Associated Risk Factors.
Front. Neurol. 7:178. doi: 10.3389/fneur.2016.00178

4. Smith, Douglas H. MD; Meaney, David F. PhD; Shull, William H. MD. Diffuse Axonal
Injury in Head Trauma. Journal of Head Trauma Rehabilitation: July 2003 - Volume 18 -
Issue4-p307-316

5. Palmieri, M.; Frati, A.; Santoro, A.; Frati, P.; Fineschi, V.; Pesce, A. Diffuse Axonal
Injury: Clinical Prognostic Factors, Molecular Experimental Models and the Impact of
the Trauma Related Oxidative Stress. An Extensive Review Concerning Milestones and
Advances. Int. J. Mol. Sci. 2021, 22, 10865. https://doi.org/10.3390/ijms221910865.

6. S.Ekmark-Lewén, J. Flygt, O. Kiwanuka etal., “Traumatic axonal injury in the mouse is
accompanied by a dynamic inflammatory response, astroglial reactivity and complex
behavioral changes,” Journal of Neuroinflammation, vol. 10, article 44,2013.

7. Duc Tan Vo, Chien Cong Phan, Hy Gia Nguyen Le, Truc Phuong Vo, Uyen Tu Thi Mai,
Hang Kim Le, Tram Bich Thi Ha, Diffuse axonal injury: a case report and MRI findings,
Radiology Case Reports,Volume 17, Issue 1,2022, https://doi.org/10. 1016/j.radcr.
2021.10.006.

8. Quintas-Neves M, Soares-Fernandes JP, Mendes V Diffuse axonal injury Postgraduate
Medical Journal 2020;96:115.

9. Bruggeman, G.F., Haitsma, I.K., Dirven, C.M.F. ef al. Traumatic axonal injury (TAI):
definitions, pathophysiology and imaging—a narrative review. Acta Neurochir 163,
31-44(2021). https://doi.org/10.1007/s00701-020-04594-1

10.  Radiographics Oct 7 2019https://doi.org/10.1148/rg.20191900

| 26 |—| International Journal of Scientific Research I



