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Disability Estimation in the Diffuse Axonal Injury

Jeong Ho Kim, MD, Soon Ki Sung, MD, Won Ho Cho, MD and Chang Hwa Choi, MD

Department of Neurosurgery, School of Medicine, Pusan National University, Busan, Korea

Objective: Diffuse axond injury (DAI) is one of the most important types of brain damage that can occur as a result of
accel eration-deceleration head injury. This type of injury can be classified as 3 types according to the lesion site and se-
verity of damage by MRI findings. This study was undertaken to estimate the neurobehavioral impairment and disability
according to DAI degree. Methods: Total 50 patients from 1998 to 2003 with DAI cases were analyzed according to
MRI finding, psychometry results and locomotor dysfunction retrospectively. Main analyses of psychometry were about
inteligence quatient (1Q) (K-WAIS test) and memory (Rey-Kim test). Disability was estimated by single doctor (author)

according to neurocognitive dysfunction in psychometry and the severity of locomotor ataxia comparing the degree of
DAI. Results: 1) There was no significant difference in intelligence and memory according to DAI grade. But memory
quotient (MQ) was decreased in grade 111 vs grade 1+11 with significance. 2) There was high incidence of locomator a
taxia and increasing M cBride disability due to locomotor ataxia (category 111) asincreasing DAI grade with significance.
3) There was significant difference of verbal 1Q and decreasing tendency of memory quotient (MQ) in case of positive
tempord lobe lesion, excluding the effect of corpus calosum and brain stem injury. Conclusion: In diffuse axonal injury,
estimations of main disability were cognitive dysfunction, especialy intelligence and memory and locomotor ataxia. As
increasing the grade of DAI, there were decreasing memory quotient, increasing locomotor ataxia, and McBride disa
bility. The Significant difference of verbal 1Q and decreasing tendency of MQ were presented in positive tempora lesion.

(J Kor Neurotraumatol Soc 2007;3:13-18)
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TABLE 1. Age, sex and causes according to diffuse axonal In-
jury Grade

Grade 1 Grade 2 Grade 3
(18 cases) (22 cases) (10 cases)
Age (years)
<19 3 (17%) 2 ( 9%) 4 (40%)
20—40 6 (33%) 12 (55%) 4 (40%)
40—60 8 (44%) 8 (36%) 1 (10%)
>61 1( 6%) 0 ( 0%) 1 (10%)
Mean 36 35 36
Range 17—-67 16—58 17-73
Sex (No. of cases)
Male 15 (83%) 20 (91%) 7 (70%)
Female 3 (17%) 2 ( 9%) 3 (30%)
Cause
Pedestrian 7 (39%) 11 (50%) 6 (60%)
Traffic accident 10 (56%) 11 (50%) 4 (40%)
Fall down 1( 5%) 0 ( 0%) 0 ( 0%)

TABLE 2. Initial level of consciousness

Initial LOC
Drowsy Stupor Semicoma Coma
Grade 1 (18 cases) 1 (6%) 15 (82%) 1(6% 1(6%)
Grade 2 (22 cases) 1 (5%) 21 (95%)
Grade 3 (10 cases) 9 (90%) 1 (10%)

LOC: level of consciousness

TABLE 3. Time interval between trauma and psychometry

Time interval between T—P (months)

Grade 1 16.1 (6—46 months)
Grade 2 14.7 (6—78 months)
Grade 3 14.9 (6—27 months)

T: trauma, P: psychometry
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TABLE 4. Intelligence difference by K-WAIS

Verbal IQ Performance IQ IQ difference
Grade 1 85.50+11.29 81.67+13.13 11.94+4.09
Grade 2 86.73+18.08 78.91+18.34 13.72+6.77
Grade 3 82.20+14.72 78.40+13.05 15.67+4.44
p value 0.741 0.817 0.239

1Q difference: premorbid IQ—test IQ. By one—way ANOVA

TABLE 5. Brain stem lesion; intelligence difference

Verbal IQ Performance IQ IQ difference
Grade 1+2  86.18+15.23 80.15+16.07 12.83+5.59
Grade 3 82.20+14.72 78.40+13.05 15.57+4.44
p value 0.461 0.762 0.166
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TABLE 6. Memory difference by Rey-Kim

Memory quotient 1Q—MQ difference

Grade 1 75.20+12.12 7.5 (-06-23)
Grade 2 74.57+19.05 9.5 (-10-24)
Grade 3 62.06+14.28 17.5 (-03-30)
p value 0.109 0.126

By one-way ANOVA, By Kruskal Wallis test

TABLE 7. Brain stem lesion; memory difference

Memory quotient 1Q—MQ difference

Grade 1+2 74.90+15.56 9 (-10-24)
Grade 3 62.60+14.28 17.5 (—03—-30)
p value 0.034 0.087

By t-test, By Mann—Whitney test

TABLE 8. Assessment of disability by McBride disability table

Locomotor Disability (%)
ataxia IX category il category
Grade 1 4 (22.2%) 22 (12—-40) 0
Grade 2 5 (22.7%) 22 (10-76) 32 (32)
Grade 3 7 (70.0%) 27 (12-58) 52 (27—-88)
p value 0.016 0.230 0.373

By chi—square, By Kruskal Wallis test

TABLE 9. Bran stem lesion; assessment of disability

Locomotor Disability (%)
ataxia IX category Il category
Grade 1+2 9 (22.5%) 22 (10-76) 32 (32)
Grade 3 7 (70 %) 27 (22-58) 52 (27-88)
p value 0.007 0.032 0.667

1Q difference: premorbid IQ—test IQ. By t-test

Fisher’'s exact test. By Mann—Whitney test
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TABLE 10. Brain lesion distribution
White matter injury

Right hemisphere Left hemisphere

Frontal 30 23
Temporal 16 14
Parietooccipital 8 11
Cerebellum 3 1
Basal ganglia 4 11
Thalamus 1 3
Corpus callosum 28

Brain stem 10

Operation cases by combined intracranial lesion was ex-
cluded

TABLE 11. Frontal lesion; intelligence & memory difference
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VIQ PIQ DIQ MQ DIM
Lesion (+): 13 cases 86.15+10.37 81.62+11.72 12.38+4.41 74.82+13.57 6.20+ 8.38
Lesion (—): 5 cases 83.80t14.65 81.80+17.89 10.80+3.27 76.25+ 8.34 12.75+10.66
p value 0.705 0.980 0.479 0.808 0.242

For excluded the effect of corpus callosum & brainstem, only use Grade 1 group. DIQ: IQ difference, VIQ: verbal IQ, PIQ: per-

formance 1Q, MQ: memory quotient, DIM: IQ—MQ difference

TABLE 12. Temporal lesion; intelligence & memory

VIQ PIQ DIQ MQ DIM
Lesion (+): 10 cases 78.63+11.12 76.00+14.44 11.25+3.54 68.66+13.79 7.80+10.62
Lesion (—): 8 cases 91.00+ 8.31 86.20+10.58 12.50+4.60 79.56+ 9.20 8.22+ 8.97
p value 0.016 0.103 0.536 0.088 0.938

For excluded the effect of corpus callosum & brainstem, only use Grade 1 group.

MQ: memory quotient, DIM: IQ-MQ

difference, DIQ : IQ difference, VIQ: verbal IQ, PIQ: performance I1Q

16 J Kor Neurotraumatol Soc 2007;3:13-18



>
s

O
o g
ol e
12
>
i
=

2
o L
e =
e
o
1
=
_O‘h
=l
yo JE
o
=2
]
)
)

[¢)
ey
MRI Grade?} =&55% S78te S

MRI Grade®} 19 ©A] Glasgow &7 (GCS)Z

)
~

;ET@ Vg JEste) WA= BARA o)t e
2ghar A SARA <o)} Gk nasisic
TR oIy S 849 ol F B9 MRIMTH: ¢
A P Bt o) kg shta 243k Kim
S g ol Qi Wkl F4 £49) 497} o
-

el vls] #Ex e o
I3y 19929 Mendelsohn &
Al 4ol RIEA] Y o & ’\]"P }b AL opeta

AT o] BEolu AL EAdS L
11 ] L}E}‘/HE]»— HUE 0101,} A A] x_‘Jo /‘\_]
ol Tk TAIAR! AlEAE S8 1Q 2
T s A HheE e Aoy 01?3‘“/}
Axouvi 2l 9ahd 24 HEare] Q1A 9 &
o= A A7 W Y 1Ed(Prefrontal— Cmgulate
Network) &] €73 Ao 7|Qlgvta Fg=3ith 12
L o] AFtell A ® nvky FAF &4 ARl mE 7 A1%
A AE A4 AdE T8 AA 1A Fel 53] 1Q
4l 7198 AolE A Brket U8 Fhotry] oy
E=290] McBridedll &t #HE i ol AeHlE Grade
Aol wpel 3y TS =i fus ol y] ofF
ol FES o] AFtel M wEA] 9 wHE &40 IS )
Algt Grade 19] $ARrolA] A4 W] el &

% 3
S T e B
3 A

Jeong Ho Kim, et al

A 71s& 7L B Ael AARE ARE b7 s
& 48 o stk Hat %fzﬂih A7 A
Al A&S A g Bk AR YT, T Hzd
ol AlE 7R EAEelA %7% Al%‘ﬂ‘ii‘:}%
4, Az olelst W7} el At wake) EA}
Ae 9 wEAbas BER S} ool A

AN < 7149 TeRo] WA T B} thel B
AA Q.:,L =7} ._o] _,_x-ﬂﬂ o7 ;q AE = Qlvky Hr)

=

N

-

>
—r—‘ UE‘J-‘
—

-~

\]

}—A

<2}

—
:\é
s_4

>

-
3

O

.u.;

° r1r

S
N
X,
2
o
o,
2
Anj
o
=)
rlo
ofX
1o
M
roax
&,
N
)

R
1z
i 4
31;:
ol
ki
o,
>
o,
o
)
)
of
o
=
o)
ofX
o
=

to o mo ox X it
&
1o,
o
e

)
1o
HU o
(o3
T
ot
N
o
ﬂF
. it
o
W
N
=
it
k3
¢
e
4 .
39,

REFERENCES

1) Adams JH, Doyle D, Ford I, Gennarelli TA, Graham DI, Mc-
Lellan DR. Diffuse axonal injury in head injury: definition, di-
gnosis and grading. Histopathology 15:49-59, 1989

2) Axouvi P. Neuroimaging correates of cognitive and functional
outcome after traumatic brain injury. Curr Opin Neurol 13:665
669, 2000

3) Blumer D, Benson DF. Psychiatric aspects of neurological
disease. New York: Grune & Stratton, 1975

4) Bond MR. Assessment of the psychological outcome of se-
vere head injury. Acta Neurochir 34:57-70, 1976

5) Bond MR, Brooks DN. Understanding the process of recovery
as a basis for the investigation of rehabilitation for the brain
injury. Scand J Rehabil Med 8:127-133, 1976

6) Brooks DN, Mckinlay W. Personality and behavioral change

www.neurotraumaorkr 17



Disability Estimation in the Diffuse Axonal Injury

after severe blunt head injury-arelative’s view. J Neurol Neuro-

surg Psychiatry 46:336-344, 1983

Douglas HS, David FM, William HS. Diffuse axonal injury in

head trauma. J Head Trauma Rehabil 18:307-316, 2003

Gentry JR, Godersky JC, Thompson B. MR imaging of head

trauma: review of the distribution and radiographic features of

traumatic brain lesions. AJR 150:663-672, 1988

Gurdijan ES. Cerebral contusion: re-evaluation of the mecha-

nism of their development. Journal of Trauma 16:35-51,

1976

lwata A, Stys PK, Wolf JA, Chen XH, Taylor AG, Meaney DF,

e al. Traumatic axonal injury induces proteolytic cleavage of

the voltage-gated sodium channels modulated by tetrodotoxin

and protease inhibitors. Journal of Neuroscience 24:4605-4613,

2004

11) Kim CH, Lee HK, Koh YC, Hwang DY. Clinical analysis of
diffuse axonal injury (DAI) diagnosed with magnetic reso-
nance image (MRI). J Korean Neurosurg Soc 26:241-248,
1997

12) Kim H. Rey-Kim memory test. Korea Neuropsychology Press,

1999

Kim HJ, Park 1S, Kim JH, Kim KJ, Hwang SH, Kim ES. Clin-

ical analysis of the prognosis of the patients with cerebral

diffuse axonal injuries, based on gradient-echo MR imaging. J

Korean Neurosurg 30:168-172, 2001

14) Mataro M, Poca MA, Sahuquillo J, Pedraza S, Ariza M, Amo-

7

=

8

=

9

=

10

=

13

g

18 J Kor Neurotraumatol Soc 2007;3:13-18

15)

16)

17)

18)

19)

20,

21

=

=

ros S. Neuropsychological outcome in relation to the traumatic
data bank classification of computed tomography imaging. J
Neurotrauma 18:869-879, 2001

Mendelsohn DB, Levin HS, Harward H, Bruce D. Corpus cal-
losum lesions after closed head injury in child MRI, clinical
features and outcome. Neuroradiology 34:384-388, 1992

Oh KS, Ha S, Suh BS, Lee HS, Lee JS. The correlation of
MRI findings to outcome in diffuse axonal injury patients. J
Korean Neurosurg Soc 30:320-324, 2001

Scheid R, Preul C, Gruber O, Wiggins C, von Cramon DY. Dif-
fuse axonal injury associated with chronic traumatic brain
injury: evidence from T2-weighted gradient-echo imaging at
3T. AJNR 24:1049-1056, 2003

Soeda A, Nakashima T, Okumura A, Kuwata K, Shinoda J,
lwama T. Cognitive impairment after traumatic brain injury: a
functional magnetic resonance imaging study using the Stroop
task. Neuroradiology 47-:501-506, 2005

Tabaddor K, Mattis S, Zazula T. Cognitive sequelae and re-
covery course after moderate and severe head injury. Neuro-
surgery 14:701-708, 1984

Wallesch CW, Curio N, Kutz S, Jost S, Bartels C, Synowitz H.
Outcome after mild-to-moderate blunt head injury: effect of
focal lesions and diffuse axonal injury. Brain Inj 15:401-412,
2001

Youm TH, Park YS, Oh KJ. K-WAIS Manual. Korea: Korea
Guidance, 1992



