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ABSTRACT:

Background Diffuse Axonal Injury (DAI) is a severe form
of traumatic brain injury (TBI), characterized by widespread
damage to white matter tracts due to shearing forces. It is often
associated with high morbidity and mortality, especially when
diagnosis and management are delayed.

Objective This study aims to evaluate the clinical, demo-
graphic, and radiological features of DAI patients and assess
their treatment outcomes. Additionally, it investigates the cor-
relation between MRI-based Adams Grading and prognosis
using the Glasgow Outcome Scale (GOS).

Methods A retrospective analysis was conducted on 30
patients diagnosed with DAI and admitted to the Department
of Neurosurgery, SVP Hospital, Ahmedabad, from June 2022
to June 2024. Data collected included age, gender, mechanism
of injury, initial Glasgow Coma Scale (GCS) score, MRI find-
ings (Adams Grade), treatment modalities, and GOS scores at
discharge or follow-up.

Results DAI was most commonly observed in young
adults aged 11-30 years, with road traffic accidents being the
leading cause. MRI demonstrated superior diagnostic accura-
cy compared to CT. Adams Grading showed a strong correla-
tion with clinical outcomes: higher grades (I and III) were as-
sociated with poorer GOS scores (1-3), while lower grades (I)
had better outcomes (4-5). Early neurocritical care and timely
imaging significantly influenced recovery.

Conclusion DAI predominantly affects young individuals,
primarily due to preventable trauma. MRI plays a crucial ro-
lein early diagnosis and prognostication. A multidisciplinary
approach, including prompt neuro-intensive care and rehabil-
itation, is essential for improving outcomes in DAI patients.
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Introduction

TBI is divided into three groups; mild, moderate, and
severe. This division is based on the Glasgow Coma Scale
(GCS) in the (sub)acute phase after trauma[1]. Axonal injury
is mostly seen in patients with moderate to severe TBI, but
also occurs in patients with mild TBI[2,3,4]. Axonal injury is
mostly seen after high-energy level trauma, such as road traffic
accidents and falls from height[2]. In these types of trauma,
acceleration and deceleration forces can cause shear injury of

axons[5-7]. In the brain, the cell body of the neuron lies in
the more dense grey matter and the axon in the white matter
with a lower density. Due to the difference in density between
grey and white matter, acceleration deceleration forces result
in a difference in speed between grey and white matter. This
results in the stretching of the axons (figure 1)[6]. The shear
injury can cause primary lesion to the axon (axonotomy) and
secondary injury as a result of an overstretched axon. This sec-
ondary or delayed injury is a result of axonal stretch followed
by a progressive cascade of pathologic cellular mechanisms

Traumatic axonal injury
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disrupting the structural integrity of the axon and neuron[8].

Figure 1 illustrates the mechanism of traumatic axonal
injury due to acceleration-deceleration forces.

Schematic representation of acceleration-deceleration forc-
es leading to shear injury at the grey-white matter interface.
These forces cause stretching, tearing, or complete shearing
of axons, resulting in primary and secondary axonal damage

Axonal injury is referred to as diffuse axonal injury (DAI)
or traumatic axonal injury (TAI). In radiologic imaging of TBI
the definition of DAI is multiple axonal lesions in multiple
brain regions, when lesions are confined to only one region it
should be named TAI[9]. In clinical practice DAI and TAI are
being used almost interchangeably. Most patients with axonal
injury have sustained moderate or severe TBI, but after mild
TBI axonal injury can also be present[4].

In patients with axonal injury a Computed Tomography
(CT) scan of the brain can appear normal, but sometimes mi-
crobleeds can be visible indicating the presence of axonal in-
jury. Magnetic Resonance Imaging (MRI) is more sensitive
for axonal injury. It can be visible as microbleeds on a T2
star gradient echo (T2*GRE), a fast field echo (FFE), and/or
susceptibility weighted image (SWI)[10-13].

The condition is often associated with prolonged uncon-
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sciousness and poor neurological outcomes. This study pro-
vides a comprehensive understanding of DAI to improve early
diagnosis and patient care.

Aim and objectives
This study aims to:

» Assess the demographic profile of DAI patients

 Evaluate clinical presentations and Glasgow Coma Scale
(GCS) scores

e Correlate MRI-based Adams Grading with clinical
outcomes

* Analyze treatment modalities and patient prognosis

Methodology

This study consists of analysis of 30 cases of Diffuse axo-
nal injury admitted and treated in the Department of Neurosur-
gery, SVP Hospital, Ahmedabad from June 2022 to June 2024.
Patient’s data were documented in case record form and were
followed up till the end of the study. Written and informed
consents were taken of all patients' relatives before participa-
tion in the study.

Inclusion Criteria:

1. Patient’s relatives who are willing to participate in the
study.

2. Patients of any age.

3 .Patients who have Diffuse axonal injury

Exclusion Criteria:

e Patient's relatives who are not willing to participate in
the study.

e Patients who do not have diffuse axonal injury.

Total 30 patients were included in the study of which 24
were male and 6 were female. Patients were categorized into
mild, moderate, and severe DAI based on MRI grading. Out-
comes were analyzed statistically.

Results

Key findings from the study include:

* Age Group Most Affected: 11-30 years (highest

incidence, 50%), followed by 31-50 years (30%).

e Common Causes: Road traffic accidents
(70%) were the leading cause, followed by
falls (20%) and assault-related injuries (10%).

. Table 1. Age Distribution of Patients with Diffuse
Axonal Injury (DAI)

o Age Group o Number of Patients e Percentage (%)
<10 o2 0 06.67

e 11-30 ° 15 0 50.00

0 31-50 06 0 20.00

¢ 51-70 °5 0 16.67

0 >7] () 0 0.67
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"Maximum incidence is in the young population due to
higher incidence of motor vehicle accidents in young people
[Table 1]."

Table 2. Association between DAI Grade III and Admission
GCS Scores

GCS Score on Number of Percentage
Admission Patients (%)
<8 11 100

"As shown in Table 2, all patients with DAI Grade III had
a GCS score <8 on admission."

Table 3. Association between DAI Grades I/IT and Admission
GCS Scores

GCS Score on Number of Percentage
Admission Patients (%)

>8 11 57

<8 8 43

"More than half of patients with DAI Grades I/I had GCS
scores >8 at admission [Table 3]."

Table 4. Distribution of Diffuse Axonal Injury (DAI) Grades
Among Study Cohort

DAI Grade Number of Patients Percentage (%)
I 8 26.66
II 11 36.66
11 11 36.66

"There was no significant predilection for any particular
DAI grade among the cohort [Table 4].

Table 5. Correlation between DAI Grade and Duration
of ICU Stay (Survivors Only)

Hospital ICU DAI Grade DAI Grade DAI
Stay 11 ] Grade |
>10 days 2/2 (100%) 7110 (70%) 2/8 (25%)
<10 days 0 3/10 (30%) 6/8 (75%)

"Higher DAI grades correlated with longer ICU stays [Table 5]."
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Table 6. Final Outcomes Based on Glasgow Outcome Scale
(GOS) in DAI Patients

Number of Percentage
Final Outcome (GOS) Patients (%)
GOS 1 (Death) 10 33.33
GOS 2 (Vegetative) 1 3.33
GOS 3 (Severe Disability) 3 10.00
GOS 4 (Moderate
Disability) 9 30.00
GOS 5 (Good Recovery) 7 23.33
Total Favorable Outcomes
(GOS 4-5) 16 53.33%

"Final outcome analysis showed that 53.33% of patients
had favorable outcomes (GOS 4-5), while 33.33% died [Ta-
ble 6]."

Table 7. Discharge and Mortality Outcomes in DAI Patients

Outcome Type Number of Patients Percentage (%)
Discharged 20 66.66
Died 10 33.33

"Out of 30 patients, 20 were discharged, and 10 met with
mortality [Table 7]."

Figure 2. Relationship between MRI-Based Adams Grading
and Glasgow Outcome Scale (GOS) at Discharge

RELATION OF DAI GRADING WITH FINAL OUTCOME
OF GLASGOW QUTCOME SCALE IN FORM OF MILD
DISABILITY OR NO DISABILITY

EDAI GRADE 111
EDAIGRADE I
DAIGRADE T

Buacapcka HeBpoaoeus Bulgarian Neurology 73

Bar chart showing the distribution of patient outcomes (GOS
scores) stratified by DAI grade. Grade III injuries show a
higher proportion of poor outcomes (GOS 1-3), while Grade
I injuries are associated with better recovery (GOS 4-5).

Discussion

Maximum incidence of Traumatic brain injury and hence
DALI is in the young population due to higher incidence of
motor vehicle accidents in young people. In the age group of
11-40 there are 17 patients (57%) in our study. Males are fre-
quently involved in Road traffic accidents. In our study, 24
patients (80%) are male. Previous studies have established
that MRI is the gold standard for diagnosing DAI, with Adams
Grading (Grade I-III) predicting severity. However, limited
research has focused on patient outcomes based on MRI find-
ings and Glasgow Outcome Scale (GOS) scores in an Indian
setting. This study aims to bridge this gap by correlating MRI
grades with clinical outcomes.

The study findings align with existing literature that young
adults are the most affected by DAI due to high-speed vehicle
accidents. Peeters W, et al. in their study ‘Epidemiology of
traumatic brain injury in Europe’ and Maas Al, et al in their
study ‘Moderate and severe traumatic brain injury in adults’
published in The Lancet Neurology. 2008;7(8) also had similar
findings[15,16]. MRI grading was found to strongly correlate
with neurological outcomes, emphasizing the importance of
early imaging. Patients with Grade I DAI had better recovery,
while Grade III cases showed high mortality and severe dis-
ability rates. Fiersching et al. reported mortality in his study in
which relation was established between Mortality in DAI pa-
tients and MRI grading[14]. Farukh javeed, Lal Rehman, Ali
afzal published an article in Surgical Neurology International
about DAI which also showed similar findings[17].

The use of neurocritical care (mechanical ventilation, se-
dation, and supportive therapy) plays a key role in improving
survival rates. However, long-term rehabilitation and physio-
therapy remain essential for neurological recovery.

Conclusion

There is a critical role of MRI-based grading in predict-
ing DAI outcomes. Early diagnosis and intensive neurocriti-
cal care significantly improve prognosis. Given the high in-
cidence of DAI in young adults due to road traffic accidents,
preventive measures such as helmet use, traffic regulation
enforcement, and public awareness are necessary. Future re-
search should focus on long-term functional recovery and re-
habilitation strategies for DAI survivors.
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CUCTEMHA TPOMBOJIN3A ITPU TAIUEHT C OKJIY3UA
HA HEHTPAJIHA PETUHAJIHA APTEPUSA- KINHUYEH
CJYUYAHN U JIUTEPATYPEH OB30P 10 TEMATA
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PE3IOME:

Oxury3usiTa Ha IeHTpaaHaTa peTuHanHa apTepus (OL[PA) e
CIELIHO MEIUIIMHCKO U O TaJIMOJIOTHYHO 3a00IsIBaHE.
[Manuentutre oOWYaiiHO mnonMyyaBaT ocTpa, 0e3007IKOBa
MOHOOKYJIapHa 3ary0a Ha 3peHue- kato 80% oT 3acerHature
WHAMBUIY MMAT OCTAaThYHA 3PUTENIHA OCTPOTA 32 OpoeHe Ha
npbcTH uiau gopu mo-uucka. OL[PA oOnkHOBEeHO HacTHIBA
BTOPHYHO B pE3yJTaT Ha CHCTEMHM 3a00JIIBaHUS- YECTO
3a00JIsiBaHE HA KAPOTUAHUTE apTEPUU MIIH CHPICYHH KIIAIHU
3a00JsIBaHMsI, KATO JPYTH Ba)KHU €TUOJOTMYHU (PAKTOpH ca
XHUIEPKOaryOmInTeT, MPEAChPIHO MBKICHE M aBTOMMYHHH
3abonsBanus. Tepanusita npu HacTbnBaHe Ha OL[PA BritouBa
IpujIaraHe Ha Ba30JUJIaTaTOPH, MAHHUTOJI UM alleTa301aMHU]L
3a MOHM)KaBaHCHA BBTPEOYHOTO HAJISIaHe, MHTPABCHO3HA HJIH
uHTpaaprepuanHa rpomoonusa. OLIPA e ouyHuAT
aHAJIOT Ha UICXEMHUYHHUS MO3bYEH HHCYJIT, KOETO 00ycIaBs

CXOACTBOTO B KJIMHUYHHUSA NOAXOJA KbM JICYCHUETO -JICUCHHUE
Ha OCTpPHS WHIUJAEHT, MICHTU(QULUpAaHE Ha ydacTbKa Ha
CBJIOBaTa OKJIY3Us M BTOPHYHA NMPO(UIAKTHKA 32 MPEBEHIIHS
Ha TociesBaliy mposiBu. llpexcraBsiMe KIIMHHWYEH Cirydait
Ha S7-rommmeH MbK ¢ OLIPA u mpoBeieHa WHTpaBEeHO3HA
Tpombonuza ¢ Tenekrtemnaze. EdexTsr oT mnpunoxkenara
Tepamnus BKIIOYBA MOJ00pEHHE 1O OTHOIICHHE Ha BH3yca Ha
3aCErHaToOTO OKO M I'bJIHA PEKAHAIM3aLUs Ha OKIy3Hpaus
JIOJIHO-TEMIIOpAJICH KJOH Ha LEHTpaJlHaTa pEeTHHAIHA
aptepus (LIPA). IlpencraBsiMe u inteparypeH 0030p OTHOCHO
CBIHOCTTA Ha 3a00JIIBAHETO U BH3MOKHOCTHUTE 3a JICUCHHETO
My, BKJIIOYBAIM HHTpPaBeHO3Ha TpomOoiusza. HeoOxomumu
ca olle NMPOYYBAHUS M U3CJIEABAHUS 32 OTKPUBAHE HA HOBH
Oouomapkepu, naBamy HH(OpMAIUs 3a BUTAJIHOCTTA Ha
perunara cienq OL[PA, nepunupane Ha IUArHOCTHYEH U
TepamneBTHUCH ITTOJIX0JI, KAKTO U TSCHA KOMYHHKAIUS MEX]Y
0(TaIMOJIO3H U CIICITHATE IIEHTPOBE.
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