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Application of diffusion tensor imaging combined with magnetic resonance spectroscopy in

prognostic assessment of comatose patients with traumatic brain injury

ZHANG Xiaofeng, ZHANG Mingwen, YU Zhihu, ZHU Lin, ZHOU Yanling
Department of Neurosurgery, Xiaolan Hospital Affiliated to Southern Medical University, Zhongshan 528415, China

Abstract: Objective To analyze the changes of diffusion tensor imaging (DTI) and magnetic resonance spectroscopy (MRS) in
comatose patients with traumatic brain injury (TBI) at different stages for evaluating the correlations between the related
parameters and coma recovery scale-revised score or the modified Glasgow outcome score, and exploring the application value
of the combination of DTI and MRS in TBI prognostic assessment. Methods Ten TBI patients and 10 normal controls were
scanned with magnetic resonance imaging, DTI and MRS. The related DTI parameters (fractional anisotropy, mean diffusivity,
axial diffusivity and radial diffusivity) of the thalamus (intralaminar nucleus, reticular nucleus) and brain regions related to
ascending reticular activating system (pons, medulla) in normal controls and comatose patients with TBI in the acute stage (from
2 to 3 weeks) and the chronic stage (more than 4 weeks) were measured. Moreover, the acetyl aspartate, choline, creatinine and
lactic acid were determined with MRS. The differences between normal controls and TBI patients were analyzed with independent
sample #-test and the differences between the chronic stage and the acute stage were analyzed with paired #-test. Moreover, a
correlation analysis was performed on the related parameters and coma recovery scale-revised score or the modified Glasgow
outcome score. Results The DTI and MRS parameters of TBI patients were significantly different from those of normal controls.
DTI and MRS in the chronic stage achieved a better assessment of the prognosis of TBI patients. The parameters in the ascending
reticular activating system recovered more slowly than those in the thalamus. The prognosis of TBI patients was better predicted
by axial diffusivity and radial diffusivity. Conclusion The prognosis of comatose patients with TBI can be predicted by the analysis
on intracerebral DTT and MRS, so as to guide the treatment.
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Tab.1 General clinical information of enrolled patients
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Tab.2 Results of paired ¢—test on DTI parameters

between the acute stage and the chronic stage

JEGHR X FA MD Da Dr

M 0.04%  0.03*  0.04*  0.04%
[RIRAZ 0.02*  0.04*  0.04*  0.01*
M ligi 0.03*  0.02*  0.12 0.04*
SR 0.03*  0.04* 023 0.01%

FA - SRS 1) 5 s MD < S 5RCR B0 Da: il ) 7
HUER B Dr AR W YRR £ *P<0.05

212 AMBEMHEEENRBALRR 24
FA 5 MD #8041 T 15 % X6 B AL, (H 2 7E 18 M1 /)
TR R % N FA 5 1E % %t B8 22 [R5 A Wk 2 X ),
MD ARIRAIE T 1E 5 X HRZH . Da 76 23 3% R
P08 1 0T, W G A i P AR SR Ik IR T I R X R
o S DrAE 4 AN ERSER IX PN AR I I T R
T FECE P R X IR B) e i 9 De o DL BH B2 X
Ble 23 MBI AW 518 DTI S5 S
TE 5 B2 (R ST BREAR A B 25 I
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Tab.3 Results of independent sample /—test on DTI parameters between patients with TBI in the acute

and chronic stages and normal controls

SR vs TEH % IR ZH T v TE % IR ZH
JESSHR X
FA MD Da Dr FA MD Da Dr
A% 0.04* 0.03* <0.01%%  <0.01%* 0.09 0.04* 0.13 0.30
[ RAZ% <0.01%** 0.03* <0.01%* 0.03* 0.11 0.03*  0.21 0.14
M i 0.03* <0.01%* <0.01%* <0.01%* 0.02*  0.02% <0.01**  0.01*
FERE <0.01%%  <0.01%* <0.01%%  <0.01%* 0.03*  0.03* <0.01**  0.02%

*P<0.05;**P<0.01
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ARG R ARSI T A B 2SI RvAs R FA
FfiNi PN B9 MD 545 58 B CRS-R K2 mGOS 22 ]k & IR AH

KN EFENE B, A TSI AR B P AR DG
BRICLASN 2 2R v HAb i 20 (Da Fl Dr)
5 CRS-R S mGOS #RRIH T AR AIFHIANE(FR 4) .
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#4 DTISH SRS H CRS-R & mGOS HIHH X 5347
Tab.4 Results of correlation analysis on DTI parameters and CRS—-R or mGOS

5 CRS-R HHISEA Mt 5 mGOS M5
ZH BRI A P A P
i P rE  PE M PE rH PE

FA MmN 017 0.04* 038  0.03* 081 002 037  0.03*
FRE 021 007 035  0.03* 0.12 021 023 0.02%*
It 021 015 047 0.02% 0.13 030 032  0.02%
JEA 0.11 0.1 028  0.04* 027 0.0 0.19  0.04%
MD WM 004 008 049 0.01* 0.11  0.10 036  0.02*%
FRREZ 011 011 031 0.04% 022 017 048  0.03*
s 035 0.02* 025 0.03% 0.67  0.02% 0.67 <0.01*
FEHE 0.49  0.02* 044  0.03* 0.78  0.02* 049  0.01*
Da WRt% 045  0.04* 031 0.01%* 045  0.02* 030  0.03*
FMEREZE  0.55  <0.01* 039 0.01% 0.54  0.03* 048 0.03*
JAst 042 <0.01* 0.57 0.02% 020 027 046  0.02%
HEHE 027  0.02* 038 0.02* 0.52 <0.01* 0.39 0.02%
Dr WA 049  0.02* 047  0.02* 0.43  0.02* 041 0.03*
FARAZ 039 0.03*% 029  0.04* 034  0.02* 049  0.02%
ity 0.47  0.01* 038  0.02% 0.55 <0.01* 021  0.02*%
FIEBH 041  0.01* 041 0.01%* 046 <0.01* 046  0.01*

*P<0.05

2.2 MRS &3 #f

22,1 RAEHREEEHEE 2P NAA/CHO(BRPE
Jigi PN NAA/CHO LA ) , CHO/Cr FE 1 22 6]
F DO, SVt AP I FERE R NAA/Cr 51212
B XA (FR5) o AfFFEH A 1] 30 Lac g,
BE VT A A AR R O 16, 724 T ORI
ST IR S EA

5 AMHAS8MEI MRS 28 MRt 1
Tab.5 Results of paired —test on MRS parameters

between the acute stage and chronic stage

JEOLHIX. NAA/Cr NAA/CHO CHO/Cr

RN 0.02* 0.03*% 0.02%

P ARA% 0.04* 0.02%* 0.04*

i i 0.06 0.09 0.02%*

A 0.10 0.04* 0.01%
*P<0.05

222 SEEMEAEAHEL SIEWRAML, 200
HA 1 NAA/Cr #1 NAA/CHO .2 R [% , 1l CHO/Cr '
= FF, fEAE T MRS 2505 1F % % BB 4H 2 6] 7

FEWT S X 51 ABFE 02 P 30 v i i B e 8 33 1 NAA/
Cr DL & e Jigi N 9 NAA/CHO . CHO/Cr 5 1F % %F IR 20
Z AV B G X (6 6) o

2.2.3 MRS B# 5IGFREEHHEXES T ESKE
WA R S BG4 T A P B J5 & B CHO/Cr AN AE
PRI T ARAS FhR B S5 T0US AR e bE o
PRI e A S 3 B2 M AR A 5k 2 S TS 1
ZIEAEFEARSCE o B 2ME D B fidi Y 1Y NAA/CHO %
A FIN B S A T A AR LA SR X 1 S
HRRIL 510 1 R ARG (R 7).

AW I R S S DTI X MRS
85 BEG G 34 H I R85 G 35 00, K
P (1) B3K TBI 3% 1 DTI 5 MRS S50 5 1F % % 1R
F TR 35 X1 5 (2) 12 PR 1] DTI & MRS fig 2R
TBI B i J & TS 16 00 ; (3) ARAS WIS UK B
1% T I S EKE 5 (4) ARAS Z50RE T 4 b 15
F P53 45 B A g5 A B L 1 O

X TBI B 3 £ 3% 14 DTI 3 #7 i 7n 16 2 PR
ARAS J FJini P 4080 5 1F # % IR 2 A7 A 10 35 X
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Tab.6 Results of independent sample /—test on MRS parameters between patients with

TBI in the acute and chronic stages and normal controls

SR vs 1EH 6 FRZH TEAIA vs TE 5 % BRZH.
JELHER X
NAA/Cr NAA/CHO CHO/Cr NAA/Cr  NAA/CHO CHO/Cr

e A% 0.04* 0.03* 0.03* 0.02* 0.10 0.07
PRA% 0.01* 0.03* 0.02* 0.04* 0.08 0.10
i 0.02%* 0.02%* 0.01%* 0.08 0.02%* 0.01%*
FER 0.02% 0.02% 0.02% 0.09 0.02% 0.03*
*P<0.05

#7 MRS 5 EH#I CRS-R B mGOS KX 54
Tab.7 Results of correlation analysis on MRS parameters and CRS-R or mGOS

£j CRS-R HAHZESM 5 mGOS It
TiH JREGHRIX. S i3z Ak 2]

Md PE rfE PHE i P PHE
NAA/Cr W% 036 0.02% 015  0.04* 0.16  0.04* 036 0.03*
MeREZ 048 0.01% 021 0.03* 022 0.02% 025 0.04*
it 031 0.01* 026 0.03* 0.15  0.03* 0.13  0.04%
JEff 021  0.03* 023  0.03* 0.17  0.03* 023 0.02%
NAA/CHO %% 006 021 021 0.01* 0.08 006 023 0.04%
FRAZ 008 0.1 018  0.02* 0.11 008 024 0.04%

i 027 0.04* 025 0.03% 021 0.04* 038 0.02%

JEHE 029  0.04* 022  0.03* 030 0.04* 030 0.01%

CHO/Cr Wm# 011 010 0.1  0.09 0.13 006 021 0.9
FRAZ 020 007 024 0.08 009 009 011 0.14

Hii b 039 0.08 031 0.03* 0.17 0.08 044 0.03*

FERE 0.08 0.13 048  0.02* 0.10  0.09 039  0.04*

*P<0.05
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EFXTI P ARAS #1750 0T o 72 2S4S Til)s

Z A B R A A S . Sl A o BT R B A
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WF5E & PRAE B2k A MRS 224k, 2T NAA/
Cr FINAA/CHO F[%{H CHO/Cr b, 7Ef8 e,
ARAS P NAA/Cr UL F Fr i &8 457 1)) NAA/CHO F1
CHO/Cr 5 1E 8 X} FRE A W0 X!, ixX ik 1 A
FEH DTIZMHTROSS SR , B ARAS BYZSE00K 512 T ik
1S EOMR S, DT ] LA A s A AE i 47 J5 Hh B
A F RN . Nakabayashi 25 %% A5 —
Jil J& CHO/Cr A"t BB S i e A8 | I ZE AR5,
NSRRI R AE 28 8 S 2B DU, i CHO/Cr
BZKFE B 27 iR - FF, 55 Nakabayashi 5 1 57 91
AT o

Holshouser 55" & B 2Pk 1 /N LA 453 493 1) T3 s
55 i AH 56 3843 1 NAA/CHO F1 CHO/Crr 4 #H 56
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4545 1 S T A NAA/Cr B, 45 50 S 4%
T Choe %5 UF T 45 5, NAA/Cr 15 2k 1 K 18
S FUGFAC , X AISIE T Carpentier 25 5T, &
PE X F S 9 2 W7 0T LS & ARAS H I NAA/
CHO 3t [m] 437 , 18 1 399 T LA Z5 & Fo i b i 2 50%
1. AL, 7E Holshouser 25 & B4 Ik 11 CHO/Cr 5
TG AHOC , A 5E % Bl A 18 715 ARAS 11 CHO/
Cr 51JF Z R AR E R

AW 5T I WA PEAT 4 B B 25 5 o b, ik
AR N BRI 2R 2 B A N i HLAGERE T 10 4]
B TEARRMIIEGE T, AR 2 #b 8T 22 109 1]
FEEE XA ALE A T390 23 A, DTS 2 0 1 53 By
Bk TBIER E IS o
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