
PATTERNS OF DIFFUSE AXONAL INJURY IN TRAUMATIC HEAD
INJURY PATIENTS- A CT SCAN BASED STUDY FROM LIAQUAT
NATIONAL HOSPITAL, KARACHI

338PJR October - December 2017; 27(4)PAK ISTAN J OU RNAL OF RAD IOLOGY

Corre s ponde nce  : Dr. Sye d Sh ariq ullah
De partm e nt of Radiology,
Liaq uat National H os pital,
Karach i, Pak is tan.
Em ail: s .m ubi.riz vi@ gm ail.com

ORIGINAL ARTICLE

Subm itte d 14 Augus t 2017, Acce pte d 31 Augus t 2017

Introduction

Traum atic brain injury (TBI) is  a m ajor caus e  of de ath
in th e  population be tw e e n 15 and 40 ye ars  of age  in
th e  indus trializ e d nations . Th e  incide nce  of TBI is
e s tim ate d to be  200/100.000 in h abitants  in clos e d
h e ad traum as  and 12/100.000 inh abitants  in pe ne -
trating h e ad traum as .1 Diffus e  axonal injury (DAI)
can be  found in 72%  of patie nts  w ith  m ode rate  or
s e ve re  h e ad injury and is  a m ajor re as on for m orbidity
and ne urological dis orde rs  in th e  ch ronic ph as e  of
TBI.2,3,4

In practice  w e  de fine  diffus e  axonal injury as  pos t-
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OBJECTIVE: Th e  aim  of th is  s tudy w as  to re cord th e  incide nce  of patte rns  of diffus e  axonal injury in traum atic
h e ad injury patie nts , th at pre s e nte d to a te rtiary care  h os pital ove r a pe riod of 06 m onth s . METH ODS: A
re tros pe ctive , cros s -s e ctional s tudy w as  pe rform e d on data colle cte d from  com pute riz e d re cords  and CT s can
im age s  of cas e s  of traum atic h e ad injury patie nts . Th e  data w as  colle cte d ove r a pe riod of 06 m onth s ; from  01s t

July 2016 to 31s t De ce m be r 2016. Th e  s tudy ce nte r w as  th e  De partm e nt of Radiology, at Liaq uat National
H os pital, Karach i. RESULTS: A total of 123 patie nts  pre s e nte d to Liaq uat National H os pital, De partm e nt of
Radiology w ith  th e  h is tory of traum atic h e ad injury ove r a pe riod of 06 m onth s . Only 23 out of th e s e  123 patie nts
(18.6% ) w h o w e re  clinically s us pe cte d of h aving diffus e  axonal injury s h ow e d its  diffe re nt patte rns  confirm e d
on CT s can. 18 patie nts  (78.2% ) h ad contus ions  at gray w h ite  m atte r inte rface , 07 patie nts  (30.4% ) h ad contus ions
in corpus  callos um , 04 patie nts  (17.3% ) h ad contus ions  in brain s te m , 14 patie nts  (60.8% ) h ad contus ions  in
ce re be llum , 15 patie nts  (65.2% ) h ad s k ull fracture s , 05 patie nts  (21.7% ) h ad intrave ntricular ble e d w h ile  only
02 patie nts  (8.6% ) h ad global ce re bral is ch e m ia. Th e  re s t of 100 patie nts  s h ow e d s k ull fracture s , intra and e xtra
axial ble e ds  w ith  pare nch ym al contus ions . CONCLUSION: Th e  incide nce  of diffus e  axonal injury is  rare  and is
ve ry low , but not uncom m on in patie nts  of traum atic h e ad injury and cannot be  dis re garde d. Tim e ly diagnos is
and m anage m e nt w ill be  us e ful to low e r m orbidity and m ortality.
Ke y w ords : Diffus e  axonal injury, CT s can

ABSTRACT

traum atic los s  of cons cious ne s s  w h ich  las ts  for m ore
th an 6 h ours  in cas e s  w h e re  no m as s  le s ions  w e re
s e e n on routine  im aging to e xplain th e  com atos e
s tate  of th e  patie nt and m ore  or le s s  is  a diagnos is
of e xclus ion. H ow e ve r th e  te rm  diffus e  is  probably a
m is nom e r as  th e  m icros copic axonal path ology is
m ore  of a m ultifocal patte rn of injury in th e  de e p and
s ubcortical w h ite  m atte r, m ore  in th e  m idline  involving
s tructure s  as  th e  corpus  callos um , s ple nium  and th e
brains te m .5,6

Diffus e  axonal injury (DAI) is  a fre q ue nt re s ult of trau-
m atic acce le ration/de ce le ration or rotational injurie s
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w h o h ave  claus troph obia and on ve ntilator-de pe nde nt
patie nts .
CT is  s tandardly th e  firs t im aging te s t pe rform e d in
th e  e m e rge ncy de partm e nt s e tting for e valuation of
h e ad traum a. Th e  goal of e m e rge ncy im aging is  to
de pict le s ions  th at ne e d e m e rge nt ne uros urgical tre at-
m e nt or in oth e r w ays  alte r th e rapy. In m any ins titu-
tions , MRI is  re s e rve d for s h ow ing le s ions  th at could
e xplain clinical s ym ptom s  and s igns  th at are  not e x-
plaine d by prior CT or to h e lp be tte r de fine  abnor-
m alitie s  s e e n on CT.

Mate rials  and M e th ods

A re tros pe ctive , cros s -s e ctional s tudy w as  pe rform e d
on data colle cte d from  patie nts  w ith  a h is tory of trau-
m atic h e ad injury. Th e  s tudy ce nte r w as  th e  De part-
m e nt of Radiology, at Liaq uat National H os pital, Kara-
ch i. Th e  data w as  colle cte d for a pe riod of 06 m onth s ;
from  01s t July 2016 to 31s t De ce m be r 2016. As  th is
w as  a re tros pe ctive  s tudy, only com pute r re cords
w e re  acce s s e d. No form al cons e nt w as  re q uire d from
th e  patie nts , nor w as  th e re  any contact w ith  th e m .
Full confide ntiality of patie nts  w as  m aintaine d by
us ing CT num be rs  as  th e  re fe re nce . Patie nts  w h o
w e re  clinically s us pe cte d of diffus e  axonal injury th at
unde rw e nt CT s canning for a de finitive  diagnos is
w e re  include d. All e xam inations  w e re  pe rform e d on
an MDCT s canne r (Tos h iba Activion 16 s lice  CT s can-
ne r). Plain CT s cans  (collim ation. 4 x 2.5 m m ; re cons -

and a fre q ue nt caus e  of pe rs is te nt ve ge tative  s tate
in patie nts . In fact, DAI re pre s e nts  approxim ate ly one
h alf of all intra-axial traum atic le s ions .7 Th is  le s ion is
th e  m os t s ignificant caus e  of m orbidity in patie nts
w ith  traum atic brain injurie s , w h ich  m os t com m only
re s ult from  h igh -s pe e d m otor ve h icle  accide nts . Any
patie nt w ith  a clos e d h e ad injury w h o e xpe rie nce s
e xte ns ive  los s  of cons cious ne s s  and ne urological
de ficits  w arrants  ne uroim aging.8 Diffus e  axonal injury
typically cons is ts  of s e ve ral focal w h ite -m atte r le s ions
m e as uring 1-15 m m  in a ch aracte ris tic dis tribution.9

Th e  occurre nce , localiz ation and s e ve rity of s h e aring
injurie s  is  m ainly de te rm ine d by tw o factors : Th e
dire ction and m agnitude  of th e  rotational acce le ration
or de ce le ration force s , and th e  diffe re nce  in de ns ity
and rigidity be tw e e n tw o adjace nt tis s ue s , e .g.,
ce re bral gray and w h ite  m atte r.10,11

Th re e  grade s  of DAI, w h ich  corre late  w ith  ne urological
im pairm e nt, are  diffe re ntiate d by h is topath ological
findings : In Grade  1 h is tological e vide nce  of DAI is
found in th e  w h ite  m atte r of th e  ce re bral h e m is ph e re s ;
in Grade  2 additional focal le s ions  in th e  corpus
callos um  can be  de te cte d, and in Grade  3 furth e r
brain s te m  le s ions  are  pre s e nt.12 Traum atic m icro-
ble e ds  (TMBs ) in th e  w h ite  m atte r are  cons ide re d as
radiological m ark e r for DAI.13

Non contras t com pute d tom ograph y s can of a traum a
patie nt de m ons trate s  m ultiple  pe te ch ial h e m orrh age s
ch aracte ris tically locate d at th e  gray-w h ite  m atte r
inte rface  cons is te nt w ith  diffus e  axonal injury. Clas s i-
cally, DAI h as  be e n cons ide re d a prim ary type  injury,
w ith  dam age  occurring at th e  tim e  of th e  accide nt.
Of patie nts  w ith  DAI, 80%  de m ons trate  m ultiple  are as
of injury on com pute d tom ograph y (CT) s cans .
Magne tic re s onance  im aging (MRI) is  th e  pre fe rre d
e xam ination for DAI (particularly w ith  gradie nt-e ch o
s e q ue nce s ), alth ough  CT s canning m ay de m ons trate
findings  s ugge s tive  of DAI and is  m ore  practical and
w ide ly available .14,15,16

MR im aging is  m ore  s e ns itive  th an CT in th e  ide nti-
fication of s h e aring injurie s  be caus e  MR e nable s
de te ction of non-h e m orrh agic as  w e ll as  h e m orrh agic
le s ions .10,11 H ow e ve r, MRI is  contraindicate d in pa-
tie nts  w ith  im plante d pace m ak e rs  or ce rtain type s  of
m e tallic pros th e s e s , as  w e ll as  in patie nts  w h o h ave
m e tallic fore ign bodie s , s uch  as  bulle t fragm e nts , in
th e ir h e ad or ne ck  or ne ar im portant vas cular s truc-
ture s . In addition, MRI is  difficult to pe rform  on patie nts
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Figure  1a: Ge nde r dis tribution
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truction s e ction th ick ne s s , 4 m m ; re cons truction inte r-
vals , 4 m m ) w e re  obtaine d. CT s cans  w e re  re tros pe c-
tive ly re vie w e d on PACS w ork s tations  and a cons te l-
lation of findings  w e re  re corde d; including s k ull frac-
ture s , intra and e xtra axial ble e ds  (e xtradural, s ubdural,
s ubarach noid h e m orrh age s ), contus ions  at gray w h ite
m atte r inte rface , contus ions  in corpus  callos um , brain
s te m  and ce re be llum , intrave ntricular ble e d and global
ce re bral is ch e m ia (Fig. 2, 3a &  b, 4a &  b and 5a & b).

Figure  1c: Diagram m atic illus tration of diffe re nt patte rns  of DAI
w ith  oth e r findings  in te rm s  of pe rce ntage

Contusions at Gray white matter interface

Contusions in Brainstem

Skull Fractures

Global cerebral ischemia

Contusions in Cerebellum

Contusions in Corpus callosum

Intraventricular bleed

Age distribution in terms of percentage

46 years onward

31-45 years

16-30 years

1-15 years

0 5 10 15 20 25 30 35 40 45

Age distribution in terms of percentage

Figure  1b: Age  dis tribution

Figure  2: CT s can Axial Brain Im age : Multiple  h e m orrh agic
contus ions  are  s e e n at gray w h ite  m atte r inte rface  of bilate ral
frontal and te m poral re gions  w ith  pe rifocal e de m a and m ild

e fface m e nt of cortical s ulci. Contus ion h e m atom a is  als o s e e n in
ce re be llum  on righ t s ide .

Figure  3a &  b: CT s can Axial &  Sagittal Brain Im age : A contus ion
h e m atom a is  s e e n in pons  on le ft s ide  w ith  e xte ns ion into m idbrain

s upe riorly and le ft ce re be llar pe duncle  infe riorly. Th e re  is
s ubarach noid h e m orrh age  w ith  blood in cortical s ulci, te ntorium

and inte rh e m is ph e ric fis s ure

a

b
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truction s e ction th ick ne s s , 4m m ; re cons truction inte r-
vals , 4m m ) w e re  obtaine d. CT s cans  w e re  re tros pe c-
tive ly re vie w e d on PACS w ork s tations  and a cons te l-
lation of findings  w e re  re corde d; including s k ull frac-
ture s , intra and e xtra axial ble e ds  (e xtradural, s ubdural,
s ubarach noid h e m orrh age s ), contus ions  at gray w h ite
m atte r inte rface , contus ions  in corpus  callos um , brain
s te m  and ce re be llum , intrave ntricular ble e d and global
ce re bral is ch e m ia (Fig. 2, 3a &  b, 4a &  b and 5a &
b).

Figure  4a &  b: CT s can Coronal &  Sagittal Brain Im age : Sm all
line ar h e m orrh agic contus ion is  note d in th e  re gion of corpus

callos um  in m idline  pos te riorly w ith  blood in cortical s ulci.

Figure  5 a &  b: CT s can Axial &  Sagittal Brain Im age : Diffus e
h ypode ns ity is  s e e n involving th e  ce re bral h e m is ph e re s  bilate rally
w ith  los s  of gray w h ite  m atte r diffe re ntiation (Re ve rs al s ign). Th e re
is  appare nt h igh  atte nuation of ce re be llum  and brains te m  re lative

to ce re bral h e m is ph e re s  (W h ite  ce re be llum  s ign). Findings
re pre s e nt Global ce re bral is ch e m ia

b

a

b

a

Re s ults

A total of 123 patie nts  pre s e nte d to Liaq uat National
H os pital, De partm e nt of Radiology w ith  th e  h is tory
of traum atic h e ad injury ove r a pe riod of 06 m onth s .
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ble e d w h ile  only 02 patie nts  (8.6% ) h ad global ce re bral
is ch e m ia (Tab. 3) (Fig. 1c). Th e  re s t of 100 patie nts
s h ow e d s k ull fracture s , intra and e xtra axial ble e ds
w ith  pare nch ym al contus ions . Th e  de taile d fre q ue ncy
dis tribution is  pre s e nte d in (Tab. 4).
De s criptive  s tatis tics  w e re  calculate d us ing SPSS
ve rs ion 21. Stratification w as  done  and pos t s trati-
fication Ch i s q uare  te s t w as  applie d to obs e rve  th e
e ffe ct of m odifie rs  on outcom e . P-value  0.05 w as
cons ide re d as  s ignificant. Stratification w ith  re s pe ct
to contus ions  at gray w h ite  m atte r inte rface , contus ions
in corpus  callous , contus ions  in brain s te m , contus ions
in ce re be llum , s k ull fracture s , intra ve ntricular ble e d,

Re garding th e  e tiologie s , road traffic accide nts  (RTA)
is  th e  m ajor caus e  of injury in 86.2%  of th e  cas e s ,
w h ile  fall from  h e igh ts  cons titute  only 13.8%  (Tab. 1).
Re garding ge nde r dis tribution, th e  s am ple  cons is te d
of 103 m ale s  (83.7 % ) and 20 fe m ale s  (16.2% )
(Fig. 1a). Out of 123 patie nts , 22 (17.8% ) h ad age
range  of 1-15 ye ars , 47 (38.2% ) h ad 16-30 ye ars , 32
(26% ) h ad 31-45 ye ars  and 22 (17.8% ) h ad m ore
th an 46 ye ars  (Tab. 2) (Fig. 1b). Th e  ove rall m e an
age  of 23 s tudy s ubje cts  w as  29 .35 ± 16.59  ye ars .
Th e  age  w as  furth e r s tratifie d in tw o groups  according
to ge nde r. Th e  de taile d de s criptive  s tatis tics  of age
and according to ge nde r groups  are  pre s e nte d in
(Tab. 4).

Road Traffic accidents (RTA)

History of fall

TOTAL SUBJECTS

106 Patients

17 Patients

123 Patients

86.2%

13.8%

100%

Table  1: Mode  of injury.

1-15 years

16-30 years

31-45 years

46 years onward

TOTAL SUBJECTS

22 Patients

47Patients

32 Patients

22 Patients

123 Patients

17.8%

38.2%

26.0%

17.8%

100%

Table  2: Age  dis tribution

Contusions at gray white matter interface

Contusions in corpus callosum

Contusions in brainstem

Contusions in cerebellum

Skull fractures

Intraventricular bleed

Global cerebral ischemia

18 Patients

07Patients

04 Patients

14 Patients

15 Patients

05 Patients

02 Patients

78.2%

30.4%

17.3%

60.8%

65.2%

21.7%

8.6%

Table  3: Patte rns  of diffus e  axonal injury (DAI) w ith  oth e r findings
in our s tudy of 23 out of 123 patie nts

Out of 23 s tudy s ubje cts , 20 w e re  m ale  and 3 w e re
fe m ale . Only 23 out of th e s e  123 patie nts  (18.6% ) w h o
w e re  clinically s us pe cte d of h aving diffus e  axonal
injury s h ow e d its  diffe re nt patte rns  confirm e d on CT
s can. 18 patie nts  (78.2% ) h ad contus ions  at gray
w h ite  m atte r inte rface , 07 patie nts  (30.4% ) h ad contu-
s ions  in corpus  callos um , 04 patie nts  (17.3% ) h ad
contus ions  in brain s te m , 14 patie nts  (60.8% ) h ad
contus ions  in ce re be llum , 15 patie nts  (65.2% ) h ad
s k ull fracture s , 05 patie nts  (21.7% ) h ad intrave ntricular

Table  4

Age

   Mean age of Males

   Mean age of  Females

Gender

   Male

   Female

Contusions at Gray white matter interface

   Yes

   No

Contusions  in corpus callosum

   Yes

   No

Contusions in brain stem

   Yes

   No

Contusions in cerebellum

   Yes

   No

Skull fractures

   Yes

   No

Intra ventricular Bleed

   Yes

   No

Global cerebral ischemia

   Yes

   No

29.35±16.59

28.95±17.16

32 ±14.73

20(87%)

3(13%)

18(78.2%)

5(21.7%)

7(30.4%)

16(69.6%)

4(17.3%)

19(82.6%)

14(60.8%)

19(39.1%)

15(65.2%)

8(34.8%)

5(21.7%)

18(78.3%)

2(8.6%)

21(91.3%)

Mean ± S.D
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global ce re bral is ch e m ia w as  done  to obs e rve  e ffe ct
of th e s e  m odifie rs  on age  groups  and ge nde r. P-value
0.05 w as  cons ide re d as  s ignificant. Th e  re s ults
s h ow e d th at th e re  w as  ins ignificant as s ociation of
age  groups  w ith  contus ions  at gray w h ite  m atte r
inte rface  (p=0.618), contus ions  in corpus  callous
(p=0.007), contus ions  in brain s te m  (p=0.28), contus i-
ons  in ce re be llum  (p=0.669 ), s k ull fracture s  (p=0.685),
intra ve ntricular ble e d (p=1.00), global ce re bral
is ch e m ia (p=0.178). Th e  de taile d re s ults  of as s ociation
w ith  age  group are  pre s e nte d on (Tab. 5).

Contusions at Gray white matter

interface

   Yes

   No

Contusions  in corpuscallosum

   Yes

   No

Contusions in brain stem

   Yes

   No

Contusions in cerebellum

   Yes

   No

Skull fractures

   Yes

   No

Intra ventricular Bleed

   Yes

   No

Global cerebral ischemia

   Yes

   No

Age

30
13(56.5%)

>30
10(43.5%) P-value

11(84.6)

2(15.4)

7(53.8)

6(46.2)

1(7.7)

12(92.3)

7(53.8)

6(46.2)

9(69.2)

4(30.8)

3(23.1)

10(76.9)

0(0)

13(100)

7(70)

3(30)

0(0)

10(100)

3(30)

7(70)

7(70)

3(30)

4(40)

6(60)

2(20)

8(80)

2(20)

8(80)

0.618**

0.007**

0.281**

0.669**

0.685**

1.00**

0.178**

Ch i-Sq uare  te s t is  applie d,
*P-value   0.05 cons ide r as  s ignificant
**Ins ignificant at >0.05

Table  5

Age

30

>30

Contusions at Gray white matter

interface

Yes

No

Contusions  in corpuscallosum

Yes

No

Contusions in brain stem

Yes

No

Contusions in cerebellum

Yes

No

Skull fractures

Yes

No

Intra ventricular Bleed

Yes

No

Global cerebral ischemia

Yes

No

Gender

Male
20(87%)

Female
3(13%) P-value

12(60)

8(40)

16(80)

4(20)

7(35)

13(65)

3(15)

17(85)

11(55)

9(45)

12(60)

8(40)

5(25)

15(75)

2(10)

18(90)

1(33.3)

2(66.7)

2(66.7)

1(33.3)

0(0)

3(100)

1(33.3)

2(66.7)

3(100)

0(0)

3(100)

0(0)

0(0)

3(100)

0(0)

3(100)

0.56**

0.539**

0.526**

0.453**

0.253**

0.094**

1.00**

1.00**

Ch i-Sq uare  te s t is  applie d,
*P-value   0.05 cons ide r as  s ignificant
**Ins ignificant at >0.05

Table  6

Dis cus s ion

Brain traum a produce s  dive rs e  s pe ctrum  of injurie s
in w h ich  diffus e  axonal injury is  a w e ll-re cogniz e d
m ajor contributing factor to long-te rm  dis ability. DAI
re s ults  from  acce le rative -de ce le rative  force s  as s o-
ciate d w ith  h igh -e ne rgy h e ad traum a, w h ich  give  ris e
to s h e aring force s  th at act at re gions  of th e  brain w ith
diffe re nt de ns itie s  and com pliance s . Gray m atte r-
w h ite  m atte r junctions  and th e  re gion adjace nt to th e
falx are  th e  m os t s us ce ptible  location for th is  type  of
dam age . DAI th at is  m ore  com m on and as s ociate d
w ith  m icroble e ding is  calle d h e m orrh agic DAI. DAI
w ith out m icroble e ding or w ith  is olate d m icroble e ding
h as  als o be e n re porte d.17

Intrapare nch ym al ble e ding, including w h ite  m atte r
m icroble e ding, is  als o a m ajor fe ature  of TBI. Th e re

Th e  re s ults  s h ow e d th at th e re  w as  als o ins ignificant
as s ociation of ge nde r w ith  age  (p=0.560),contus ions
at gray w h ite  m atte r inte rface  (p=0.539 ), contus ions
in corpus  callous  (p=0.526), contus ions  in brain s te m
(p=0.453), contus ions  in ce re be llum  (p=0.253), s k ull
fracture s  (p=0.09 4), intra ve ntricular ble e d (p=1.00),
global ce re bral is ch e m ia (p=1.00). Th e  de taile d re s ults
of as s ociation w ith  ge nde r are  pre s e nte d on (Tab. 6).
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are  tw o m anife s tations  of DAI. Th e  firs t one  is  s m all
pe te ch ial h e m orrh age s  th rough out th e  brain th at
re s ult from  th e  rupture  of s m all blood ve s s e ls . Th e
s e cond is  line ar h e m orrh age s  at s ubcortical w h ite
m atte r re gions , particularly in th e  pos te rior frontal
and parie tal lobe s .18

Th e s e  s m all pe te ch ial h e m orrh age s  s catte re d
th rough out th e  w h ite  m atte r, particularly in paras agittal
w h ite  m atte r, are  typically calle d diffus e  vas cular
injury (DVI). All cas e s  of DVI s h ow  s e ve re  DAI and
fall in a s pe ctrum  of s im ilar path ological conditions .
Th us , appre ciating th e  prope rtie s  of DVI, as  unde r-
s tood th rough  m icroble e ding pe te ch ial h e m orrh age s ,
h e lps  give  diagnos tic ins igh t into pote ntial DAI.19

Th e  path oph ys iology of DAI include s  dis ruption of
th e  axole m m al m e m brane  as  a re s ult of traum a follo-
w e d by dis ruption of e le ctroch e m ical h om e os tas is
w ith  pas s age  of m ultiple  ions  along th e ir conce ntration
gradie nt. Los s  of oxidative  ph os ph orylation and pro-
duction of ATP as  a re s ult of intra m itoch ondrial cal-
cium  ove rload als o is  a contributing factor to th e
path ology. Th e  orde rly activation of prote as e s  lik e
cas pas e s  and calpains  are  als o dis rupte d, contributing
to dis ruption of s ubaxole m m al m e m brane  and
ne uronal cytos k e le -ton.20,21

Be fore  th e  adve nt of ne uroim aging, th e  ch aracte ris tics
of diffus e  axonal injury w e re  de fe ne d by Adam s  e t al
and Ge nnare lli e t al from  a h is topath ological vie w point.
Th e ir e xpe rim e ntal s tudie s  s ugge s te d th at ce ntripe tal
e xte ns ion of a s h e aring injury into th e  brain s te m
caus e d prolonge d uncons cious ne s s . Furth e r m ore
th e y e m ph as iz e d th e  im portance  of injury to th e
corpus  callos um  and dors olate ral m idbrain, and
de s cribe d diffus e  axonal dam age  in th e  ce re bral
h e m is ph e re s . Th e  coe xis te nce  of th e s e  tw o injurie s
w as  cons ide re d to re pre s e nt th e  m os t s e ve re  h is tolo-
gical grade  in fatal h um an cas e s .22,23,24

O n th e  bas is  of ne uropath ologic findings , s om e
auth ors  now  cons ide r DAI a m is nom e r be caus e  injury
is  fre q ue ntly not diffus e  but m ultifocal, and as  s uch ,
th e  te rm  traum atic axonal injury h as  be e n s ugge s te d
to be  m ore  appropriate .25 Th e  de gre e  of m icros copic
injury us ually is  cons ide re d to be  gre ate r th an th at
s e e n on diagnos tic im aging, and th e  clinical findings
re fle ct th is  point. DAI is  s ugge s te d in any patie nt w h o
de m ons trate s  clinical s ym ptom s  dis proportionate  to
h is  or h e r CT s can findings . DAI re s ults  in ins tan-
tane ous  los s  of cons cious ne s s , and m os t patie nts

(>9 0% ) re m ain in a pe rs is te nt ve ge tative  s tate , s ince
brains te m  function typically re m ains  unaffe cte d.
It h as  be e n s h ow n in various  s tudie s  th at non contras t
CT s can is  h igh ly accurate  in diagnos ing intracranial
h e m orrh age . By diagnos ing th e  pre s e nce  of intra-
cranial h e m orrh age , it is  pos s ible  to provide  in-tim e
m anage m e nt to th e  patie nts . In a s tudy pe rform e d
by Racadio e t al, it w as  found th at 46%  of patie nts
h ad intracranial h e m orrh age . In th e  cras h  trial w h ich
w as  th e  large s t trial conducte d am ong traum atic h e ad
injury, 56%  of patie nts  h ad s om e  type  of intracranial
h e m orrh age . Sim ilarly, Ruiz  e t al found th at traum atic
intracranial h e m orrh age s  w e re  found in 23%  of 160
h e ad injury patie nts .
Our s tudy w as  aim e d in de te cting th e  incide nce  of
diffe re nt patte rns  of diffus e  axonal injury in clinically
s us picious  patie nts  w h o s uffe re d traum atic h e ad injury
and confirm e d on CT s can. All th e s e  23 patie nts  out
of 123 patie nts  h ave  diffe re nt patte rns  of diffus e
axonal injury. (Tab. 3). Th is  s tatis tic of a s trik ing 18.6%
cannot be  ignore d be caus e  it w ill e ffe ct th e  prognos is
and outcom e  of th e  patie nt as  e arly de te ction of dif-
fus e  axonal injury is  ve ry im portant. (Fig. 1c). Th e
re s t of 100 patie nts  s h ow e d s k ull fracture s  w ith  intra
and e xtra axial ble e ds , pare nch ym al contus ions  and
ge ne raliz e d brain e de m a.
Our s tudy s h ow e d th at th e  h e m is ph e ric gray-w h ite
m atte r w as  cons ide re d th e  m os t com m on location
for DAI (78.2% ). Th is  is  probably due  to pe riph e ral
location th at incre as e s  th e  vulne rability for traum a
and abrupt ch ange  in tis s ue  de ns ity be tw e e n th e  gray
and w h ite  m atte r. W e  found ce re be llar contus ions  in
60.8%  follow e d by contus ions  in corpus  callos um
and brain s te m  i.e . 30.4%  and 17.3%  re s pe ctive ly. A
pos s ible  e xplanation is  th at alm os t all patie nts  include d
in th is  s tudy h ad s uffe re d RTA and th e  ce ntripe tal
force s , ge ne rate d by h igh -s pe e d im pact us ually e ffe cts
th e  de e pe r are as  of th e  brain s uch  as  th e  corpus
callos um  and th e  brains te m . Th e  re s ultant dam age
is  axonal s ince  th e  axons  are  torn or s tre tch e d s uch
th at axoplas m ic trans port and th e  e le ctrical ne tw ork
be com e  im paire d.
Alth ough  our s tudy le ads  to s ignificant findings , it
w as  not aim e d tow ards  de te rm ining th e  be s t inte r-
ve ntion and m anage m e nt of th e  condition; nor w as
th e re  any follow  up w ith  th e  patie nts  to as ce rtain th e
s e q ue lae  of th is  affliction. Als o, be ing a s ingle  ins ti-
tution e xpe rie nce , it is  s om e w h at confine d to a le s s
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th an dive rs e  group of patie nts . A m ulti-ce nte r s tudy
w ould be  e ve n m ore  th orough  in de te rm ining th e
pre vale nce  of diffus e  axonal injury in patie nts  s uffe ring
from  traum a.

Conclus ion

Eve n w ith  clos e d h e ad injury, th e  brain can s uffe r
s e ve re  dam age  from  DAI due  to s h e aring force s . Th e
s ite s  of pre dile ction are  w e ll docum e nte d and include
th e  gray-w h ite  m atte r inte rface s  at th e  s ubcortical
re gion, corpus  callos um , brains te m , and ce re -
be llum .Th e  incide nce  of diffus e  axonal injury is  low ,
but not uncom m on in patie nts  w h o s uffe re d from
traum a and cannot be  dis re garde d. Tim e ly diagnos is
and m anage m e nt w ill be  us e ful to low e r m orbidity
and m ortality. Curre ntly, m os t of th e  com m only us e d
diagnos tic s tandards  are  noninvas ive  m e th ods , s uch
as  ne urops ych ological as s e s s m e nt, CT/MRI im aging,
and bioch e m ical m ark e rs . H ow e ve r, e ach  individual
m e th od of diagnos ing DAI h as  its  ow n s pe cificli-
m itations . In th e  future , afte r furth e r inve s tigation and
as s e s s m e nt of th e  path ological m e ch anis m  unde rlying
DAI, a m ultim e ch anis m  form  of diagnos is  m ay be
available . Only 23 cas e s  of DAI w e re  de te cte d in 123
h e ad injure d patie nts  ove r a pe riod of 06 m onth s  in
our s tudy re pre s e nting its  re lative  rarity, h ow e ve r a
large r m ultice nte r s tudy w ould be  m ore  re pre s e ntative .
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