1408 T 2E SR 2010 4F 12 H %8 25 55 123 Radiol Practice, Dec 2010, Vol 25, No. 12

T3 8 IR AR AE I 0 v i At 5 0E e

R M £k ZEME TR

[FEHES]) R445.2; R651 [XHEFRIREE] A

i S0 o AR B A G R L B BOE M8k 1 F 2 2
— o AHFRRAEL 5700 J7 N & [ AR L 150 J7 R A1 i
FEBE o A B E SIS 4335t B SRR U 1T O 5000 2 Ak
R L A ) A AR A AR S s L BRI Ol T YA T R L
FRE L W/ FB 43 J5 3820 0 & A= % Tl 0 45 72 R R S )
BIIPAL R CE K. AT %R Or I 4E CT Al MRI XA
S5 s A iR ) 245 8 5 T ) Mk 4 L B i f& (Tunctional magne-
tic resonance imaging, MR = % 4§ 1fi 48 7K S 4K 4§t ) 8 1%
(blood oxygen level dependent functional magnetic resonance
imaging , BOLD-fMRD) . # 3 #8 i # &% 18 (magnetic resonance
spectroscopic imaging, MRSD) | ¥ # 7k & % 1% (diffusion tensor
imaging, DTD) | # i & Ji AL 1% (susceptibility weighted ima-
ging, SWD A5 AR , GEIE (2 22 2 41 AR #0493 95 30 2 3 S DO e 2.«
AR SC B TE 2538 Dy R M L AR GO0 i Sh 45 7 F AR R LN T e
P03 4548 R T e T 40 L kA TS R AR SR O I 6 g A
HriE.

fMRI it g 5 %5 ™= 72 FE B9 1T 4

"H-MRS W] TG @1 45 1A 0 3 1A B 20 2 b - Bk R T T & &
2 (N-acetylaspartate, NAA) | JH % 28 & & #) (choline, Cho) | Il
ik (creatine, Cr) \FL 2 (lactate, Lac) Z5 il = S5t 9. NAA H £k
IR NS Y VA R U 2Ty 0N N1 1| o L B2 v B R B
Y NAA W (B Z i 2 S0 B GOR IR D GBI 25 K ¥ 1 3 251978 31
SR . Cho /2 4 il 5 25 52 4 A 43 » /6 435 9 12 JIEL 9k 3ol i R
B A H IS, Cho 36 3273 B A B A2 T o4 3 . 41 it B K A
Jon T, JH 0 {57 200 BB R R e R T A T AR Ak S R
JLRR A3 45 UL ER Ak AR LR . 2 45 40 i 2 B RE R iR 12, 2 8K
5 LT 40 M P AL e A 5 R I A R AR A0 M e AR e
Lac J& JG 4 B 7 4 - BUR I $ R B B 4. NAA/Cr B9 A%
Cho/Cr iy FF 78 5 4Mbi ™ B2 A 56, H-MRS B85 15 & 3
£l Mg 4145 72 8 B B, Sarmento 250 W5 R B B I A 5 05 Sk
iR A OC B 1 B BB R R L TR 8 NAA/Cr BT
R A5 0 [t o L TRt S Cho/Cr fa 25 38 5 & 43
HIEHMBA R LR &M, @Y km s maesE 7 K
W R A RS ) >3 A~ H JC W) 5 ] W72k Sk e A8 38 AH LG 3
Mg NAA/Cr B & K % {3 22 55 0 8 % . Holshouser
U IT R YR 18 M AR ARG R N 5 IR R B L K
A 5 TSURE I 1 5 B R A R NAA/ Cr -39 () 8 25 3l i
Cho/Cr V- H{f 2 I, Shutter 25 B33 W5 i 4G 5 R 19
(7 R B MR B R 1 5 Cho 8 A IREL W BT &, i 5
GCS 143 fAH ¢ s WA BF 58 UE B T+ 19 Cho TEAMG G 6~12 4>

YEE B A:430071  GDLL R BUR A PR P g MRI %
VEF B AT - PN (1985 —) . 55 1AL S5 BN B L AP A » T2
VIRe S o T AR AR

[XE4HS] 1000-0313(2010)12-1408-03

A IR 26 H K, I Lac AU # H2 7R 15 25 o Bl ik
AL REREAAE, Z 0T EEWMG. Makoroff 20 f
5 Bl 48 15 20 455 R Lac B R L 200K A5 0 25, M 06 PE 4
K.

iz DTI £ 4 7R B 8. R (fiber tractography, FT) 0] & & 4
LT 2 AR 5 2T A R R B H A% 1 M 43 B (fraction
anisotropy, FA {H) F1 & W # & #{ (apparent diffusion coeffi-
cient, ADC {H) . FA i Jg 5 iR &5 4i 40 8 45 #4 70 58 S 4G 4w . FA
{ELREAR AR 7R (1 T3 &F 4t o) JR) 38 45 4 52 B M3 . ADC {1 Ry 4 8
KA TFH B8 R R bR ADC (H FEAR L 3275 K 4> T3 02 IR
A0 T K b & A 5 ADC i 386 48 7% 7K 43 T 9 B L 7= A 1
B KM, DTT X 3 4055 1 5T 21 4k A0 40 45 #6155 3k o
B FA H L ADC (B 75 L RFAE , B X Jing 20495 7 5 F B 52 o
FER PR . Rutgers 20 WF 57 SR - 5 15 X IR 20 B 50 3 ik
SMIEE 3 A A N D BRI R BT FA (B B AR L ADC {8 Jn i F
IEG 4% 1% 3 1 FE 36 FA {8 % ADC {576 W1 58725 4k , 19 G 4% 30 43 &4F
R R TG A . e AR I A A R S 4 4
B A3 ) 2 U DI R FA B8 B ADC A 3 5
IR R B FA E W H AR A ADC E A5 1k 4275 JBE G4 AR [
BB TT RE A TE S 7] 2 U (0 40 S5 A 31405 . Inglese 2517 4238 3%
JE 5 41475 I I MG A i 3 FA R0 ADC i 6 B 8. 22 1k, it B A 14
JE# FA BB ADC {H8 . Arfanakis 255 238 5 B I 41
i J5 24 b ARG VR RS 350 A R 3 FA (39084 Rk B e 45 5
{2 S5 T R85 4495 5 DTT A6 0 i 18] L AR 453 49 24 280 0 388 0o 7 [ A
X3 534 DTLRESHARN R BESHES.

EMRI 3 f0 A %0 Th BE 45 17 B 1 £

BOLD {MRI J& H fif M — 42 28 M 4 W JC 32 3 pi 28
(N TEi2 3 5 15 e 1) Wl A1 13 58 3 5 B8 R 00 T B A O ik
X AE Y A A7 B AR A TFUMR 2 R 2 R R A U DA N T R A TR A
AWM. Eickhoff 21"V BFFT 1 4 Ik 4h 75 ) #5725 Bk
N2 FE R AT LR L WT B L B8 3 it , BOLD fMRI 2 B
AH R B2 )22 TG B s E AT R AT L 38 BB 15 & Broca X I
Wernicke X £FZ2 #0715 . 278 BOLD {MRI 7 K5  JC 5 25 5 ok
0 R 2 5R BR D R8T i A AR A (. Boly %NV BFITHLIE L X
FE AL bl 5 R A A7 J R )2 5 i P 00 ) R 5 4 A AR
B2 SARSCAE 55 ik B2 2 S RE % Y s i I sE TS SR b
TR K B B Ih B % 58 423 2k s 32 /8 BOLD fMRI a L. J % 1]
R AT AET RS . B3 AT WF 5T 308 0 B I S04 18 3
DTT 7 & 3008 15 T3 190 A0 245 44 9 A 5 G 450 2 P 1) 1A 31 D) R Bt
545 26, 1 & #L CT Al MRI it /R 4 5 2 TE 565 £ 8L R DTI
SE ARSI 32 BRI R AL 5 AT B DA AT 55 P (9 S 25 5 R )
TEHE 3G 10 A5 P /D Hh i AR B E S 3T 3 By e G G



T 2E L BE 2010 4F 12 H %8 25 55 123 Radiol Practice, Dec 2010, Vol 25, No. 12 1409

IMRT 3 iy 45 #3 %0 Th 8 25 4H B 1% &

r B % R S 0 5 58 TR 43 T B IX 2 4L 5 38 B S TR
FEEE AN T BE B % 5 5 2R I R BT RE 0 B AR 30 12 T Re W AR
HRES NS, Zead — B SR IT R S U 25 R TN 4
PRI RE £ & A AL NI BEAS [/ R Kk &2 . BOLD {MRI
FE TG A 4951 3 % i 38 T A ) B S R Ak 5 A R I IR O
n] ] T B 3% i ) T BE FE 4 . Sanchez-Carrion 2818 1 5% % ¥ 1E
W ANPAT TARICACAT 55 B, U0 A5 B B2 J2 38005 5 i o 3 9% 18
MR B E A B LB, M REZIN% 6 A
JEREWINAII R —EBEIKE RN 2 K LAEIEIAE
% BOLD {MRI ) 3036 5 155 A 0925 504 % A 8 1 | 22 et
T HR B S A s T IR OARTJE 2 ik TfE g 42 4E 4 BOLD
IMRI #5648 30 028 fb . 0 B i A0 45 OO0 L2 M 78 %) 8 & 3L
CT MI# ¥ MRI £ 76 5 # £ 3, {5 BOLD {MRI £ 75 I 38 i £
KA HAE . Mayer 2 % BUER BE I 41 05 58 3 16 AT Zh RE 4G
PR N1 e s S I B o TR T R = T 1 1
Smits % 58 B R AE AT TARICAZAT S5 it A AR 2 B, 5
A S H g T R B R T R AT R AU B SR B AT 4 e L T
W 7 J2 AR A I A R R A O G XA K R
MR EEMEE 2.

BOLD [MRI # DTI-FT $ A&l & . e 5 4 T i X 2 [7) fige 1)
B M 2 A Ak AR S . 0T T RE O R R 2 T RE AL
. Cherubini %7 % fl IMRT 035 X 86 5 20, @l & BOLD
{MRI I 2% 2F 4k 75 5 22 1% (probabilistic fiber tracking algo-
rithm, PFT) % 15 & AR 2005 28 i 28 o A7 % 2 T g IX
IF1) ) it ) B L S DR B DX IR P i) 4 5 L O Y A
R LR F U A5 AT 6 A5 A OIS 2 R
ZAGE B4 AN /) T 1E 4 A . BOLD IMRI fil PFT gl & 5 AR X%t i
HA i S5 58 35 3h A T B R S 2o AR b R R A R A TR A

fMRI 3 3 28 H 1kt B9 3 4

SWIE—Fh# K TE (& 7o, 2k TR MRz
FEAE T I AR . SWTFE = AN J7 1) Y56 IO s A R, B
B R HE N R R LR A 5RO MRIAR L, AR R
SN a8 )2 PR L5 R 4 U B S R A 2 B
TN BE A O AR B R B AT B R GE SWI L fE R
RZ 1T mm® KN I kN, Nandigam 25200 §F 58 % B SWI
LA N SRl N S e Sl SR N = R R R
T, WL F%1, Vernooij %V BF5E on SWI | R 19 & i
KB EHW B 2T T, WLFS, It H SWI A AE BoR 1Y i
W kbgE T, WI E¥IRGE B R 278 SWI T3 8 /R i i
BT T, WIFES|., BA Tong &I £ SWI 5 T,
W AR LG & 30 7R 18 1 il 2R 4 40 o ot o 5008, Sl s ot ki A 4
HRARBU SR B T, WL 6 £5F1 2 £%5. Sigmund %5
RS CT MIH . SWI & B i kb 0 % B AR AL 43 518 CT
B2 A5 A 3.5 5.

fMRI 3 g 57 T 5 1T 1l

" H-MRS G 2o 0 A 0 ik P9 Bk A3 7 A L YAl i A1

Bitia WKE GO . BF5E W AMG 7 R ALK S AR
4 .Cho M & 5 6~12 4~ H ) GOS P4 A M, 41 K N &
M E BT NAA/Cr 5 3 A1 J5 #% 551 #F 15 3T 23 (glasgow out-
come scale, GOS) IEAH R . A AUWFFE 7% JL i 4P 5 6 K 4
T ke 3l NAALNAA/Cr.NAA/Cho K #t M JK it NAA/Cr
5 1~4 8 )58 7114y (intelligence quotient, IQ) B i 1E 45 3¢ , ]
BRI R T B LB 5 1~ 4 4F 1Q ¥ 43 B 7 4 5
Carpentier 257% fff 58 2 7% I T % #L MRI B ¥4 i 50 45 28 &
NAA/Cr b IE % 4% i T NAA/Cr<C1. 5, H. NAA/[Cho+Cr
+NAAJ<0. 40 B, GOS ¥E43 1~2 4353 GOS $E43 3 /0 i &, i
F Cho/Cr>NAA/Cr 5 Cho/[Cho+Cr+NAA]>0.40, BA
W e g R R A LE i )G 6~12 A~ H LR 447
NFEIVE S (—Fh it B GOS ¥ 43, pediatric cerebral perform-
ance category scale, PCPC)1~ 2 4y 2H JF & {4 . T i 2 AL - X 5§,
RSO A R R NAA/Cr (9 FB(E 5 3~5 /-4 B & [
A AL TUAL v 1 B B I A A L M 3 BT NAA/Cr TR
PCPC 1 — 4026 3E 40 (1~2 43, 3~5 43) Wi i 5 43 5 3k 85% .
82%6.83%0 s B A BT A K NAA/Cr /{5 A1 MRS # 25 i 7
WS RAGHIAT I e R 3k 882, MUk, H-MRS 45 5
UG A B ARG

DTI f8 52 i WAL B % WG 15 & . Schaefer 251 B 77 9k 12
PERN R #05 Wox DWT F skt SR B 5 A BE B 4% iz 4 8F (Glas-
gow Coma Scale score, GCS)PE43 | tH Bi Af i B Rankin #4356
e ; H S GCS £ AL . 5 Rankin B IEARSC AL H 5 i
Be B 20 K Rankin P43 41 56 P98 . 5 IE M1 58 . Benson 2577 fif 57
RILEGIEH A I A A 8 & FAE B 7 EIEE T %8
KA SWEARES ., HFEES GCS W4 44 )5 8t
(posttraumatic amnesia, PTA) FF4LHf [B] 5 GCS 4 M1k, FA
Y H RE TN S0 5 7 AR AR B, 5 PTA 7 2 I (8] AH G4 T
5 GCS ¥4 F KM .

SWI PEA o5 18 Pl R #1405 09 B 5 A 3 % 3 . Thomas
SRR T, WIF A b SWI R B/ HY 1 A 58 4%
JE, SWI ot kb A FR L 9 B 8K H 550 PR 4% 3 43 AH OGP 5
T MM R B BUS . Tong % BT Bk GCS 143 3~
8 7y i SWI L& B AL W B K F GCS W4y 9~15 73 &
&

fMRI 7E fig M5 = 49 Rz 7R BR &

R FE " H-MRSI R AL ) 48 3 45 50 L 00 S e L R
FEDX SN » 22 268 X o B 42 2 R 4R B 5y 32 80 0 4 AU L
. 2R H-MRSI B — AR 2 @B IX A E S . 5
AR ATREL/N  BE T IR R 70 2 BB o (H K500 2R 2 10 [ 2 I
i 53 B A B Sk B T BOROB SR R R W, HLR R K B %
FTUE N WL AR B R R R E A T A R
BOLD fMRI 8EXF J) B B¢ )2 7€ {2 » H. #E 52 i 3l 25 1% - (5 %2 )
BOLD {MRI £5 5 (9 N 2 52 2 (&1 45 Jo 4k Xk A4 1 Ko Jis A
BEB, DTS REREAT 5 BT 4E AR B AR - (B 21 28
VEINCIEES AL RCE S B S s N b NE €Y dR
W SWI X fafcda H o A6 0 4800 o (H %) A8 2 T 45 TR B i L (E
BE NS MM R R 32 B — s BRI 55 A1 2 SR AL R 2 7 B



1410

T 2E SR 2010 4F 12 H %8 25 55 123 Radiol Practice, Dec 2010, Vol 25, No. 12

SR 25 5 B RE BUR AR 5
B2, H-MRS A1 DTT RE . 391 54 Wi il S0 4 7™ 5 A 22 L 5 At

AR UG . BOLD-IMRI G845 1 ¥4l il 41 5 £ 25 00 0 2 g

00 S 5k BR IR D) RE L B 0 S5 00 A ) N B SE TR A B ST

At 105 7 g FE AL Rk A2 6 0 . SWTRE B5URR B R B M I A S A6

FBCH R MPEAL B BUS . R UG 2 8 M i S 4R IR A T AT

X 0 A0 A% 52 48 2 AR TR A B - A3 i D RE K - Sk il A1

J T AR B TS PR AL SR AL 2 T 7 2 2 TR B 5 A8 I IR X i Sk

38 Fh I K i BE A8 BT S L B I 9, A 20H B 0T s b O

S 30K

[1] Langlois JA,Rutland-Brown W, Wald MM, et al. The epidemiolo-
gy and impact of traumatic brain injury:a brief overview[ ] ]. Head
Trauma Rehabil ,2006,21(5):375-378.

[2] Sarmento E,Moreira P, Brito C,et al. Proton spectroscopy in pa-
tients with post-traumatic headache attributed to mild head injury
[J]. Headache,2009,49(9) :1345-1352.

[3] Holshouser BA, Tong KA., Ashwal S, et al. Proton MR spectro-
scopic imaging depicts diffuse axonal injury in children with trau-
matic brain injury[ J]. AJNR,2005,26(5) :1276-1285.

[4] Shutter L, Tong KA, Lee A, et al. Prognostic role of proton mag-
netic resonance spectroscopy in acute traumatic brain injury[ ] ].
Head Trauma Rehabil,2006,21(4) .334-349.

[5] Makoroff KL,Cecil KM,Care M, et al. Elevated lactate as an early
marker of brain injury in inflicted traumatic brain injury[]].
Pediatr Radiol,2005,35(7) .668-676.

[6] Rutgers DR, Fillard P, Paradot G, et al. Diffusion tensor imaging
characteristics of the corpus callosum in mild, moderate,and severe
traumatic brain injury[J]. AJNR,2008,29(9):1730-1735.

[7] Inglese M, Makani S, Johnson G, et al. Diffuse axonal injury in
mild traumatic brain injury:a diffusion tensor imaging study[]].
Neurosurgery,2005,103(2) :298-303.

[8] Arfanakis K, Haughton VM, Carew JD,et al. Diffusion tensor MR
imaging in diffuse axonal injury[J]. AJNR,2002,23(5):794-802.

[9] Monti MM, Coleman MR, Owen AM,et al. Executive functions in
the absence of behavior; functional imaging of the minimally con-
scious state[ J]. Progress Brain Res,2009,177(12) :249-260.

[10] Eickhoff SB. Dafotakis M. Grefkes C, et al. fMRI reveals cogni-

tive and emotional processing in a long-term comatose patient

[J]. Experiment Neurol,2008,214(2) :240-246.

[11] Boly M, Tshibandal, Vanhaudenhuyse, et al. Functional connec-

tivity in the default network during resting state is preserved in a

vegetative but not in a brain dead patient[ J]. Human Brain Map-

ping.2009,30(8) : 2393-2400.

[12] Niogi SN, Mukherjee P,Ghajar J,et al. Extent of microstructural

white matter injury in postconcussive syndrome correlates with

impaired cognitive reaction time:a 37T diffusion tensor imaging

study of mild traumatic brain injury[J]. AJNR,2008,29(5) :967-

973.

[13] Sanchez-Carrion R,Fernandez-Espejo D, Junque, et al. A longitu-

dinal fMRI study of working memory in severe TBI patients with

diffuse axonal injury[J]. Neuroimage,2008,43(3) :421-429.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Mayer AR, Mannell MV, Ling L,et al. Auditory orienting and in-
hibition of return in mild traumatic brain injury:a fMRI study
[J]. Hum Brain Mapp.2009,30(12) ;4152-4166.

Smits M, Dippel DW, Houston GC, et al. Postconcussion syn-
drome after minor head injury: brain activation of working memo-
ry and attention[ J]. Hum Brain Mapp,2009,30(9) :2789-2803.
Slobounov SM, Zhang K, Pennell D, et al. Functional abnormali-
ties in normally appearing athletes following mild traumatic brain
injury:a functional MRI study[J]. Experiment Brain Res, 2010,
202(2) :341-354.

Cherubini A, Luccichenti G, Peran P, et al. Multimodal {MRI
tractography in normal subjects and in clinically recovered trau-
matic brain injury patients[ J]. Neuroimage, 2007, 34 (4):1331-
1341.

Vernooij MW, Ikram MA, Wielopolski PA, et al. Cerebral mi-
crobleeds:accelerated 3D T2 % -weighted GRE MR imaging ver-
sus conventional 2D T2 % -weighted GRE MR imaging for detec-
tion[J7. Radiology.2008,248(1) :272-277.

Tong KA, Ashwal S, Holshouser,et al. Hemorrhagic shearing le-
sions in children and adolescents with posttraumatic diffuse ax-
onal injury:improved detection and initial results[ J]. Radiology,
2003,227(2) :332-339.

Nandigam RNK., Viswanathan A, Delgado P, et al. MR imaging
detection of cerebral microbleeds:effect of susceptibility-weighted
imaging, section thickness,and field strength[J]. AJNR,2009,30
(2):338-343.

Sigmund GA, Tong KA, Nickerson JP, et al. Multimodality com-
parison of neuroimaging in pediatric traumatic brain injury[]].
Pediatr Neurol,2007,36(4) :217-226.

Sinson G,Bagley LJ,Cecil KM, et al. Magnetization transfer ima-
ging and proton MR spectroscopy in the evaluation of axonal in-
jury:correlation with clinical outcome after traumatic brain injury
[J7]. AINR.2001,22(1) :143-151.

Carpentier A, Galanaud D, Puybasset L,et al. Early morphologic
and spectroscopic magnetic resonance in severe traumatic brain
injuries can detect “invisible brain stem damage” and predict
“vegetative states”[]]. Neurotrauma,2006,23(5) :674-685.
Schafer PW, Huisman TAGM, Sorenson AG., et al. Diffusion-
weighted MR imaging in closed head injury: high correlation with
initial glasgow coma scale score and score on modified rankin
scale at discharge[ J . Radiology,2004,233(1) ;58-66.

Benson RR,Meda SA,Vasudevan S,et al. Global white matter a-
nalysis of diffusion tensor images is predictive of injury severity
in traumatic brain injury [ J]. Neurotrauma, 2007, 24 (3) . 446-
459.

Thomas B,Somasundaram S, Thamburaj K, et al. Clinical applica-
tions of susceptibility weighted MR imaging of the brain-a picto-
rial review[ ]]. Neuroradiology,2008.50(2):105-116.

Tong KA, Ashwal S, Holshouser BA, et al. Diffuse axonal injury
in children;clinical correlation with hemorrhagic lesions[ J]. Ann
Neurol,2004,56(1) :36-50.

ISR H 4 :2010-04-06 & 8] H 151 : 2010-05-10)



