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Prognostic Value of Computed Tomography and
Gradient-echo Magnetic Resonance Imaging in Diffuse Axonal Injury

Nam-Ki Jung, M.D., Sang-Chan Jin, M.D., Woo-Ik Choi, M.D.

Department of Emergency Medicine, School of Medicine,
Keimyung University Dongsan Medical Center, Daegu, Korea

Purpose: Diffuse axonal injury (DALI) is clinically defined as a coma of over six hoursin a head trauma vic-
tim without a focal mass lesion. The emergency physician usually resuscitates and stabilizes a comatose head
trauma victim in the emergency Department. After assessment and treatment, the prognosis is very important to
both the victim and the physician. The prognosis for DAI is based on Glasgow Coma Scale (GCS) and other
imaging data. We investigated the prognostic value of computed tomography (CT) and gradient-echo magnetic
resonance imaging (GRI) for head trauma victims with DAL.

M ethods: Fifty-three(53) head trauma victims of DAl were enrolled in this study from 2007 to 2012. During
the study period of six years, data on trauma victims were collected retrospectively. We analyzed the differ-
ences in the Glasgow Outcome Scale (GOS) result between the CT and the GRI modalities.

Results: We classified the study group by using GOS. Between the good outcome subgroup (GOS scores of
4 and 5) and the poor outcome subgroup (GOS score of 1-3), there were no statistical difference in sex, age,
initial vital signs and initial GCS score. The good outcome subgroup had non-hemorrhage on CT(52%), which
was correlated with good outcome and a shorter awakening time, while a larger number and a deeper location
of hemorrhagic lesions on in GRI were correlated with poor outcome in DAL,

Conclusion: We conclude that the existence of hemorrhagic lesions on CT, and the number and location of
those lesions on GRI had good prognostic value for head trauma victims with DAI. (J Trauma Inj 2012;25:122-
131)

Key Words: Head injury, Diffuse axonal injury, Multidetector computed tomography, Magnetic resonance
imaging
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Table 1. Comparison of Clinical information between good prognosis group and poor prognosis group

Good prognosis (n=40) Poor prognosis (n=13) p-value

Sex

male 32 (80.0%) 12 (92.3%) 0.424%

female 8 (20.0%) 1( 7.7%) )
Type of accident

Pedestrian 9 (22.5%) 3(23.1%)

Car occupant 9 (22.5%) 3 (23.1%)

Bicycle 4 (10.0%) 1( 7.6%)

Motor cycle 9 (22.5%) 3 (23.1%)

Fall down 3( 7.5%) 3(23.1%)

Crush 6 (15.0%) 0
Age 44.8+19.8 53.0+215 0.211*
Initial GCS 89+31 7.8+3.0 0.304!
Initial systolic BP (mmHg) 122.4+27.0 122.3+41.1 0.995*
Respiratory rate (per minute) 20.9+49 20.9+26 0.985"
Timeto mental recovery (day) 12.1+139 23.6+295 0.348"
Timetoinitial brain CT (hour) 0.7+0.5 0.8+0.5 0.404!
Timeto initial brain MRI (hour) 29.6+52.4 27.1+59.8 0.348"

GCS: Glasgow Coma Scale, CT: Computed Tomography, MRI: Magnetic Resonance Imaging

* Fisher's exact test
t Student t-test
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Table 2. Computed tomography findings between good prognosis group and poor prognosis group

Good prognosis (n=40) Poor prognosis (n=13) p-value

Non-hemorrhage on CT 21 (52.5%) 2 (15.4%) 0,019+
Hemorrhage on CT (total) 19 (47.5%) 11 (84.6%) )

CT Grade 1! 14 (35.0%) 4 (30.8%)

CT Grade 2 3( 7.5%) 4 (30.8%) 0.132*

CT Grade 3 2 ( 5.0%) 3(23.1%)
Generalized brain swelling

positive 7 (17.5%) 7 (53.8%) 0.025*

negative 33 (82.5%) 6 (46.2%)

CT: Computed Tomography

* Non-hemorrhage on CT vs. Hemorrhage on CT (Total) with Pearson’s Chi-square test

' CT Grade 1: hemorrhagic lesion in white matter

CT Grade 2: hemorrhagic lesion in corpus callosum and basal ganglia

CT Grade 3: hemorrhagic lesion in brain stem
* Linear-by-linear association
$ Pearson’ s Chi-square test

Table 3. Comparison between computed tomography grade
and gradient-echo magnetic resonance imaging grade

GRI Grade* (Number) Number (%)
GRI Grade 1 (20)
non hemorrhage on CT 11 (55.0)
CT Grade 1t 9 (45.0)
GRI Grade 2 (16)
non hemorrhage on CT 7(43.7)
CT Grade 1 5(311)
CT Grade 2 4(25.0)
GRI Grade 3 (17)
non hemorrhage on CT 5(29.4)
CT Grade 1 4(23.6)
CT Grade 2 3(17.6)
CT Grade 3 5(29.4)

* GRI Grade 1: hemorrhagic lesion in white matter or cerebellum
GRI Grade 2: hemorrhagic lesion in corpus callosum
GRI Grade 3: hemorrhagic lesion in brain stem lesion
' CT Grade 1. hemorrhagic lesion in white matter
CT Grade 2: hemorrhagic lesion in corpus callosum and
basal ganglia
CT Grade 3: hemorrhagic lesion in brain stem
CT: Computed Tomography, GRI: Gradient-echo Magnetic
Resonance Imaging
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4. A2 X7 |2 AANIA2| A0 THE X[0|(Table 4) o HEEA 24 219 F 219 (100%), Grade 114 20
W 2 189 (90%), Grade 2014 79 & 4% (57.1%), Grade

7t & AANE A7 FH 97 Gradeo] whEbA] #A4 ¢ 394 59 = 3% (60%) & Ve O™, GRI Graded] w
Ao A Yl oo AAL I A7) Gt 2 92o] 3EE AAEY HIEL Grade 191 35 209
Grade7} EAIH 22 FA A =718 THp=0003). & % 207 (100%), Grade 291 745 16% F 1393 (81.3%),
Sk AAtO L A71FH el A Bl W] AT Sk Grade 39 A% 178 T 139 (769%) 2 YEISTh o2&
of wEhA FoA A FA G2 dFE B ATHp0.001). 3| EakA] Kot 7o s AL § oS &S 3
AE A A3 EA 7] S AsdstaTEY B A

5. 2|5 =A|ZK(Table 5) THGGANAME Graded| Wt F7tete e ERoY

° =
A2l h= 2o 9] Graded] wWE 923 HA S EA A O

AR U B4 £ 84 539 F 4690] €142 3 2 felad 9k we, A7 AL Grade 19
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Table 4. Gradient-echo magnetic resonance imaging grade and number of lesion between good prognosis group and poor prognosis

group

Good prognosis Poor prognosis p-value
GRI Grade 1* 19 1 0.003!
GRI Grade 2 12 4
GRI Grade 3 9 8
Number of lesion 15.8+9.7 34.2+14.6 <0.001*

GRI: Gradient-echo Magnetic Resonance Imaging

* GRI Grade 1: hemorrhagic lesion in white matter or cerebellum
GRI Grade 2: hemorrhagic lesion in corpus callosum
GRI Grade 3: hemorrhagic lesionin brain stem lesion

t Linear-by-linear association

t Student t-test

Table5. Timeto mental recovery according to computed tomography and gradient-echo magnetic resonance imaging grade

Number (%) Timeto mental recovery p-vaue*
CT
non-hemorrhage lesion 21/21 (100%) 84+10.1 0.031
hemorrhage lesion 19.3+21.0
Grade 1t 18/20 (90%) 15.8+20.4
Grade 2 4/7 (57.1%) 25.3+35 NS
Grade 3 3/5 (60.0%) 29.4+29.8
GRI
Grade 1 20/20 (100%) 8.3+10.1 0.038!
Grade 2 13/16 (81.3%) 14.6+14.7
Grade 3 13/17 (76.5%) 21.7+24.8

CT: Computed Tomography, GRI: Gradient-echo Mgnetic Resonance imaging, NS: Not Significant
* p-value is associated with time to mental recovery
 Between non-hemorrhage lesion and hemorrhage lesion on computed tomography with Student t-test
t CT Grade 1: hemorrhagic lesion in white matter
CT Grade 2: hemorrhagic lesion in corpus callosum and basal ganglia
CT Grade 3: hemorrhagic lesion in brain stem
¥ GRI Grade 1: hemorrhagic lesion in white matter or cerebellum
GRI Grade 2: hemorrhagic lesion in corpus callosum
GRI Grade 3: hemorrhagic lesionin brain stem lesion
I Between Grade 1 and Grade 3 on GRI with Student t-test
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Zpol7F U TH(p=0.038). ZLejvt A7) G del A9 9, Grade 32 7Fg As JEZ Grade 29 HHI A
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Hoglo] 6A17F o)Fe] A&AQ EFE Hole ATE 9 T2 YA AR AasdSEY 2 AIHIT 5
vty Aek TR &4 FA9 50%0A4 @AY, T o WMAMAEHA AL AACE AWIA HW, Jo] wE
£Foll 9t A BHE A SFHH(9) INY FFE. AFE A5 g AF7F ol o]FAAAL SITh(17,
2k R, JeE A7) wel AFeit tekstAl Balst 14-17)
A oy TR oA I RIET} 72%¢] o] &AL st HA Ak FE EAA I oo dAE ddH A
HI%E 9lrh(10) HEd dsfrE 27] GCS B WAL 58k, A%
nEHd SAF £ TR ZHEE ZAIFL Al gE) SR EAAAT, gAY 77 2N T A7), AYSH
o ¥ HAA FAFe] EEYUUA A= S-S ATl F5F, A" 5, A9 Tl gl Rt e
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do7l= At &4 (shearing injury)ell olste] A G W Ao XE A4 G2 FE B &2 oA GCS
th(6) FE DFAL 9 &A4fo] qRES AA|EHA 7h Ggkoy i dAdA JEREF AR SAH
Hm AR Al e R, Sl s 1 AZtETL o A X3t th(Table 1).
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Fde] FAF &4 A 27 &4 £ (tissue tear hem- B Lobata 5(1)3 Kim(14)> sG-S A &
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Fig. 1. Brain stem lesion on CT and GRI in a patient with DAI (A) does not show hemorrhgic brain stem lesion on CT. However,
(B) shows four low signal intensities on GRI image. CT: Computed Tomography, GRI: Gradient-echo Magnetic Resonance
imaging, DAI: Diffuse Axonal Injury
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Fig. 2. Comparison of CT and GRI image findings in two patients with DAI (A) shows non-hemorrhage lesion on CT in a DAI
patient and (B) shows severa low signal intensities on GRI in the same patient. (C) shows small petechia hemorrhagic
lesions (corpus callosum, periventricular white matter) on CT in another DAI patient, and (D) shows the same lesions on the
GRI compared with CT. Further, other low signal intensities of cortico-medullary junctions are seen on GRI. The latter
patient of (C) and (D) findings shows more hemorrhagic brain lesions compared to the former patient with (A) and (B). CT:
Computed Tomography, GRI: Gradient-echo Magnetic Resonance Imaging, DAI: Diffuse Axonal Injury
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