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Matter Injury in Premature Infants*
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ABSTRACT

Objective To explore the application value of magnetic resonance spectroscopy (MRS) combined with
diffusion weighted imaging (DWI) in the early diagnosis and prognosis evaluation of brain white matter
injury in premature infants. Methods 102 premature infants with brain white matter injury from January
2021 to January 2023 were selected as the case group, while 98 premature infants without brain white
matter injury were selected as the control group. Clinical indicators related to premature infants were
recorded in both groups, and MRS and DWI examinations were performed 7 days after birth. The
differences of MRS metabolic indexes and DWI parameters between the two groups were compared.
The relationship between MRS metabolic indexes, DWI parameters and white matter injury in premature
infants was tested by point two column correlation. The receiver operating curve (ROC) was drawn to
analyze the early diagnostic value of MRS combined with DWI for white matter injury in premature
infants. Long term follow-up was given to the case group of children. At the corrected age of 6 months,
the children were divided into a poor prognosis group and a good prognosis group using the Gesell
developmental diagnostic scale. The evaluation value of MRS metabolic indicators and DWI parameters
on the prognosis of premature brain white matter injury in the two groups of children was compared and
analyzed. Resuits The N-acetylaspartic acid (NAA), NAA/Cr, rADC in the case group were significantly lower
than those in the control group, while creatine (Cr) was significantly higher than that in the control group,
with statistical significant differences (P<0.05). The point two column correlation test showed a negative
correlation between NAA, NAA/Cr, rADC and brain white matter injury in premature infants (r<0, P<0.05).
There was a positive correlation between Cr and white matter damage in premature infants (r>0, P<0.05).
ROC curve showed that NAA, Cr, NAA/Cr and rADC had low diagnostic value in the diagnosis of brain white
matter injury in premature infants, with AUC of 0.629,0.630,0.605 and 0.603, respectively. MRS combined
with DWI had a good diagnostic value, with an AUC of 0.713. The follow-up results showed that among
the 102 patients, 21 were in marginal state, 53 were developmental abnormalities, a total of 74 were in
the poor prognosis group, and the other 28 were in the good prognosis group with good development.
The levels of NAA, NAA/Cr, and rADC in the poor prognosis group were significantly lower than those in
the good prognosis group, while Cr was significantly higher than that in the good prognosis group, with
a statistical significant difference (P<0.05). The point two column correlation test showed a negative
correlation between NAA, NAA/Cr, rADC and poor prognosis in children with brain white matter injury (r<0,
P<0.05). There was a positive correlation between Cr and poor prognosis (r>0, P<0.05). ROC curve showed
that NAA, NAA/Cr and rADC had low evaluation value for the prognosis of children with white matter
injury, with AUC of 0.641, 0.639 and 0.688, respectively. The combination of Cr, MRS, and DWI had good
prognostic value for children with brain white matter injury, with AUC of 0.755 and 0.833, respectively, with
the highest combined evaluation value. Conclusion The combination of MRS and DWI has good evaluation
value for brain white matter injury and prognosis in premature infants.

Keywords: Magnetic Resonance Spectroscopy Imaging; Diffusion Weighted Imaging; Brain Brain White
Matter Injury; Premature Infants; Prognosis

B FIRG 2R LIRGHE LR Y —, BESHE) | HEBE. XBREN
TEEAY, BREFE/IRZRARRGHESEATISHEASER, AEKEZE
EEGREFEH#TIHY. BaiHL, ABETRIGE EISk R LSRRG
SEFRY, EREEFZENEINRE, HRHZNHRER", WRBMRR G
A(diffusion weighted imaging, DWI)BERB BT MK FH B, HIMTARERLEH
T S A B IR G BRI TFIRG S HAA R & U A TR B R 0 4 1 25
THRBESAER, SBOWIHSRMERTREY, MREREERERAR (magnetic
resonance spectrum, MRS)E@EiTAREEBIEEMLHLEYTHRIZETZER. 1T
ERMEHREFE, HIGKISHEROMERT. TEaTHRERET EARE Y, K
I B SR ATEMRS SDWIBES, LUABIRE R/ LiE RIRG RIS, ISk
Mlt, EFUARRERME SRR LA FRIRG S LAIGRER, DERIGRE LR
EFBIREIBICKIE, WLERMT.

1 BR5HEZ®
1.1 —fHEH %EE2021F18F2023F 18 1026 A B G 27 ) LIE R HEIEH, FE

(E—1EE] B 3E, %, BIEEEM, FEHRREH: FHE) L. E-mail: nantonghongfei@163.com
(EifleE] fEeeiy, B, TEEM, TEMRAA : FHE) L. E-mail: ntyycxb@163.com

28 -



BN O8Ik B B B =) LIE AT BRE. fRHIEAE496]. &
53%; BRt%29-36/8, FIYRRIS(32.4512.46)F; AE1514.3-
2481.3g, FIY{AE(2028.02+281.07)g; 1min ApgariFs5-7
4, F#91min Apgari®4 (5.94+0.81)%), MEBAB44F]. %«
5445); Ba#829-35/, FiIPaiE(32.54+2.32)F; KE1501.6-
2483.3g, FIY{AE(1970.011286.85)g; 1min ApgariFs5-7
43, FY1lmin ApgariFs(5.961+0.84)93. 2B ) L7EMESN. B
. 1min ApgarifnE A AR, EZRLEAITFEENX(P>0.05).
MNKRE: BE (LR e Lisming: 28F<i
W<37/@; FAEEILIYEZMRS, DWIKRE; IIRKRER. HEHE
RRE, BF)BPARRAREXER, RULAEERE (F
PR ISUT S A T RIER) TR ST . HERRAT
. AHEXRERAEBE. BAERBESEARER;, SHER
TR, R2BEARESE, XTIKERERHITAT,
1.2 A% FRERS)IMWEHERTIEZMRS, DWIKE, KE
RENEEAFATEFHMAGNETOM Spectra 3.0THEE R
RGN, RESEELSBELME ALE. KEFOMInFLUE
JL5%KEREEER, FENIML/Kg, BREHRG, BUNEMI,
WHEANBK, BHER, REEEWER/AHBFEEET,
EER)ETENRRE. HMET.WIHHE, DWIFXBRKFERK
BBERMGE, ¥V ESBREEAX. Y. Z, 3IMEEEENA
B, SEILTE: EERTE(repetition time, TR)#2200ms, [@
EAYiE] (echo time, TE)#58ms, bfE¥}1000s/mm?, RE
(field of vision, FOV)}350mmX400mm, %EP%9256X 256,
BEA4mm, MRSEBZ#ZAERENFEMUBRKIERG S L, T
EERERD. EMER. M. REEEXENBNEBX (region
of interest, ROI), ARDHEEIEEIRFIZREN-ZHRLIR
(n-acetylaspartic acid, NAA). HlB&(creatine, Cr)ikE, #Hit
BNAA/CrEfE,
1.3 RGAE BFREERDWIE&E ADiffusion caleulation
tool X R NADCEG, Tkt X33 AR X3 1E & X [ L
BEWADCHE, HUEEKEEASR, RIBARKIEXIFADC/
IEEXIHADCITEFHIADC,
1.4 MEWTE FLURGIAR) L KERES, EFERKE6N AR
EAGesellABLUBR THBILNABERL. RBRIET
HE8)LohERE. MIRE. SiBRELINABEA N A EEESN, Eep
ERE A D A KB SEMIEE), EIMRIER) LRIMER T LIE
fft, BRNZ8DIRTABILER, 16~85DRTINENRE, B9
STSPIRTABRE. BUSRKREELABRENAANEARAR
H, BEBERIDATERFA,
1.5 SEitE A% RASPSS 27.0% it 28U 4. Shapiro-Wilk
REHEESESHINTEENA “x 57 @R, EAMIF
At ; HEARBWRT, £H x1H0k; SZFEXERE
MRS §IEHR. DWIBSHSEEF)INBRRGERIAENXER, 4
H1=id#& TEfh4E (Receiver Operating Cure, ROC), LIBhZ
TE#(Area Under Cure, AUC)ITE{EMRSELESDWIRTER) |
HEBR G R RTETGENE. AUCE>0.90fRRiZH. I
EMERS; 0.70<AUCE<0.90, IBRiZ2H. ITMEMERT,;
0.50<AUC{E<0.70, &zl iFENERIE; AUCE<O.5,
Rz H. TENE,

24 7

2.1 BHASHRAMRSHKIHIEIR. DWIBEKTFE &6l
ANAA. NAA/Cr. rADCEEERTXIRAE, EREHUHEE
X (P<0.05); mAIACHHESTFXRA, ERERAITFEX
(P<0.05), WE1L. #*&1,

#1 RHASHRAMRSKBEIR. DWIBSELLR

%R NAA Cr NAA/Cr rADC
1A 102 4960.07126254 626262116523 0.79+0.08 2.41%+0.18
fBR4E 98 508236118235 618451118062 0.8210.04 2.46+0.11
t - 3.531 3.193 2.778 2.673

P - 0.001 0.002 0.006 0.008

371

CHINESE JOURNAL OF CT AND MRI, FEB. 2024, Vol.22, No.2 Total No.172

L

E1A-B1C 76 4 5 x B ZIMRS 3% B 4%, BI1A IE% 27~ )LMRS 3% sk f%; 1B
B )L B B Bt o R XMRS 3 B E1C B )LE
i R A e R R AZ RMRS I 2 B4

2.2 MRSUBIETR. DWIBBSER) LRBERRGHXR £
RZHIMEXRMERL ETRNAAL. NAA/Cr. rADCS 27 ) L B FiR
HFEEAMERXR(r<0, P<0.05); Cr58/) ARG EFEE
HBXXR(r>0, P<0.05), M&2,

&2 MRSHUHERR. DWISBSRF) BB ERGHXR

1545 r P

NAA -0.224 0.001
Cr 0.226 0.001
NAA/Cr -0.182 0.010
rADC -0.179 0.011

2.3 RAVMIMNE BEFI/ILRARRGEARSEE, B
NAA. Cr. NAA/CriARrADCIERIT S, LREIROCHEE
R, NAAL Cro NAA/CriXRrADCSS R 7= ) LA RIREGIZHT RS
BIRBIS TN E, AUCS510.629. 0.630. 0.605. 0.603;
MRSEXADWIEHE RIFHISHINE, AUCH0.T13, MKR3. E2.

+ 29



HEICTRIMRIZRE 2024428 $22% $288 2817288

R3I KSLHMNE
Ei=Ln AUC  95%Cl cutoffs P REE BRE NTEH
NAA 0.629 0.552-0.706 4862.500 0.002 0.343 0.908 0.251
Cr 0.630 0.553-0.707 6247.500 0.001 0.529 0.684 0.213
NAA/Cr 0.605 0.523-0.686 0.755 0.011 0.382 0.93%9 0.321
rADC 0.603 0.523-0.683 2.385 0.012 0.451 0.796 0.247
MRSEX&DWI 0.713 0.641-0.784 0.624 <0.001 0.500 0.878 0.378

2.4 AAMEE) IMRSHBHEIR. DWIBBUKE HHERER
21PIB)LERAGNTE, S3PIRRATRE, H146, HFATG
TRA, ALbAT2.55%(74/102); H28GILABRYE, JAATERET
44, &H67926.929(28/102), FETFRARILNAAL NAA/Cr. rADC
RERTMERFH, EREMTFEX(P<0.05); MERRACr
BRESTHRRIFAE, EREBRITFENX(P<0.05), &4,

2.5 MRSHUIEAR. DWISBSE=) LBIBRRGAEHXR
ZLTFIHEXMRIBER, NAAL NAA/Cr. rADCS BB R

R4 FAAEE) IMRSHEIR. DWIBEKE

ROC il £k

il 28 ke
- —NAA
==-Cr
Bl 4
<= 1ADC
fffff TEATM
— &34

08

0e

04

5 RS

0o
0. 02 04 0e 08 10

1 - B
B2 MRS. DWILLK =2 BX &9 W72 7 )L & i 4 4% HiROCE

B)LIEFRREFEHEXXR(r<0, P<0.05); Cr5fEAREFE
EEXKXA(r>0, P<0.05), &5,

2.6 KEWEME SHARRGE)LASFEARSESEE, B
NAA. NAA/Cr. rADCUURCHENIRITE, LFIROCHLER
NAA. NAA/CrLAJrADCSY iR B B fh &) L i/ R A BRARAYIT(L
i@, AUC751790.641. 0.639. 0.688; Cr. MRSEXSDWIXF
BB MHE) LGRS RFNITENE, BUKSITHENESR
&, AUCZ3790.755. 0.833, &6, B3,

&5 MRSHiltiERF. DWISE5S R~ BB ERGFRNXR

A3 Bil%L NAA Cr NAA/Cr rADC izt r P
MEFRRA 74  5450.80+26349 5800.36+12534 0.92+0.11 2.57+0.11 NAA -0.219 0.027
MERSFA 28  5602.36+302.35 5672.75+130.71 0.96%0.12 2.64+0.12 Cr 0.395 <0.001
t - 2.488 4.536 2.480 2.633 NAA/Cr -0.216 0.029
P - 0.014 <0.001 0.015 0.010 rADC -0.291 0.003
®6 BRATMEHNE
b AUC  95%Cl cut-off P REE 1BREABEN
NAA 0.641 0.513-0.770 5685.500 0.028 0.824 0.500 0.324
Cr 0.755 0.646-0.865 5661.000 <0.001 0.878 0.571 0.449
NAA/Cr 0.639 0.517-0.762 0.945 0.030 0.554 0.714 0.268
rADC 0.688 0.570-0.805 2.665 0.004 0.811 0.500 0.311
MRSEX&DWI 0.833 0.740-0.927 0.711 <0.001 0.784 0.750 0.534
il 2k s
— TNAA
== O
- WfE
-=-1tADC
- &R
— gl

00 02 04 06

15

k] 10

B3 MRS. DWIDA K = #Bk&-3F ki & J 445 % )L BUs B ROCHE

30 -



33t g

B T Al I 7% B A S ThiaE S AR M1 B 6 B R AL BB B2 0,
WS RE BN ERITEIR, 344 FRhBKME 4R R X H9 A Fis
AR, SEMRGT. BRTRFEEERES) LRRE R
MEERNH23%, B—BHIIRSSIREELEINERRE, 4
BEEEEREAEM”, BAMARE, RHTHETFMAIER0E
REZIRGIRE, EREHEE"., MRSS5DWIHE FREHIRD
BERBRAR, BEBEMR MRS, D EYMRBEKISRE
k%, TN, CESNNEBRASNRAEKTE, EHTREHE
BiRMG. MMERFPRIEEEERAY, Fititir A
AL ) LI A BRI RIS UT. TSP RIEEEIER,

AFFZVETAHIROCEI, MRSHEHISIREESDWIE BB
EEFE) A RIRGHREK. TEMEEERENNEAN
B, PMER-ERSTUMKD FEE. EERBSEHAESS
HIMTRA AN ARF R, RBEERIER, #MESILH.
AR, AHRBIERESITE LN STRALR, &
IR ) LBINAA. NAA/CrEIR, CrES, 28 ZFIBXMERE
SR ERIERH SR LRARIRGEEXR. TAERESER
T, FRRBEENSHEREERR, ERE~ERRN IR
X, HMERIEFFENGEDERX S, EEAIRERRKAR
AEREYIRERNRE, MBEERS THFABRRGIE
), RALREYIRES RSN, TMMRSTIENED AR
REHHIRIE M BRI ERERT, HHHESTEERA
FRG, NAAREEMFRIEER. BETANRESY,
BEMRSITENMALARSHEERFRIE"", YB)IREMBER
IRMGES, WATTINAEIERS, SBINAAMBKERL . Ik, NAA
REDEERM T WETHREURERE, R, RRGS
JLS AR E T T SRS, EILENAARITE TR
Bo CrE2r 2EETEEDYMBERNNSRENR, EBS5HR
FEEE R, BESBBRETS BRI ESREaNE
EHKE, RIS B HAE RN RN R B R
5, HISMBIAEINETE, BEARNEERENEEREY,
HEBRERS FTRFREKE, BRERSTUEHS. T
ARBRGEERRAREENRAR. B27THE, EREKTER
%, EICrATABRE. NAA. CrYBRALNRS =Y, FEit
—ETHWEERMMYE, TINAA/CIIEESERR-ELE, Al
FEHILEANAA/Crb FRUEKTE, KESSEHRBETNEAR
=) LB RBRGE)NAA. NAA/CHETFITERA (B A ) LR A FEif
15), RRARGICEREASZ 8, BEEHRPHACLLRIETR
EER, AARSZHEE, SWERNNEREERX, Hhiraxm
BRI ARG R G ERELN, MERBRAS)LH
NAA. NAA/CHEFTERIFA, CraFHaRFA, 2554
XIS ERIEFHSHERRGE) L FEEEXR, 9iF
SMERRAR)LHRG. #ETATREEATEE%,

DWIR IR L BRI EEFE, rADCERMKS FiE
R E R8T, BB BITRITOWIS B EMEREH mEE
TORBHRIGIIR R R, SBIA (R4 RIS rADCIEF 3R
4B (R TRBIRMG). HRE—FHMFARRS) LBrADCHE
KW, HHHAADCEHERFNBA, 2ETFIEXERBEE
RIADCS5 B ) LB RRGEEAEXXER, DWIRBIWNE
BARNFIMNSEH—FETFE, KD FI HEIHRT SR
LEHESRELETWL, MOWINABIRIEES, LIER
HIEMARANMREEMSTRTHKIE, TADCUE AR RMK
NIV EREENNE RIS, YRS HIBEFRIRG, BFRE
EF. . SREURTIERBRARAKM, NTEHADF
MY EEE S, SREEMEEIAIRMES. ADCEEMIE. RN
ARk B DR IMEIRE, PRI FREMY 8, #—F R
ADC. HIARITFI834A, MAIAADCHER R, BAMFEE
RHERRAE) LMADC BBERFHEREFAH, HDFBS5HKA
IR ERAEAL K, BEIKDFiEshER, BEETEN
SADCRNZ KD FEIEN, FRUBEIRETEM, HHS
HADCEEG PN, Fitts—rADCISFRMIZ I MERIR,

CHINESE JOURNAL OF CT AND MRI, FEB. 2024, Vol.22, No.2 Total No.172

LR EFFR, MRS. DWIEAN BRTIGK £ AR E B M
THEFUERK, R~ ARG EIHZHSTEREAE
HWE-—ENNBNE, B-ERKGRE-—TIRSISH. ITEE
X, BAMRBUEFEE-—EREZL, FINRXMEEHE)LHAS6
TARGIAR) LBIMRSHIEIRRODWIZHER, BXHARN
CIEFtEMHR, FEEFRENR, REEBEFFRITIARTE—
FIIUE,

SE M

(1%, B3, R¥iE, . R ALS 7= )LB i a B4 FMRLF 7] H i1 54
AERF T [I]. F EICTAMRI 44 75, 2021, 19 (1) : 4-6, 34.

(2048 =, AR, W E, 4. BB R 5 R e RS e AT R R
L ERETEHFR I, P EEYES,2022,19(12): 71-75.

DBIMBAN, &AW, F 77 )L B G %A 5 B o % W7 6 R P& (7). W R LA 42
%,2017, 35(7): 548-552.

(414, T8 E, Taisk, . % Aok 35 3R Fonh 3 3R S0 A% 3T 1 31 A L B A Bt
B AL [T]. e PR 2o =, 2021, 40 (8) £ 1577-1582.

[S]E T, 348, %o LR (9B MI. Aot AR T4 H R AL, 2018: 88.

l61x 4, Al R, £, & & )LBHGL o5 it £ KR (T]. P E S RLA 4
#%,2012,14 (12): 883-884.

%%, &7, B2, 5585 )L ECese LR FERITHH AN U] dEELELS
S H, 2012, 18 (11): 1060-1061.

[8]1Gilles FH,Leviton A.Neonatal white matter damage and the fetal
inflammatory response[J].Semin Fetal Neonatal Med, 2020, 25(4): 101111,

(9] Wb d, TR AR, REW, £ RN AEAAR AL EARAREN T LRERLE
%o (1], P E S R)LRH4 R, 2018, 20 (5) : 346-351.

(10 &3, RER. 27 LA RRGETNFELEFHREI]. BRI %
%,2015, 33(3): 287-290.

1) & A4, B REA, W E &, F. DVIEK &' H-MRS 2 S B T K B B R J5 £ K 5wt
PERARAS [T]. B B E 2B 0K, 2011, 27 (5): 905-909.

(2] ENE, RTA, 545, F. ASLEDVI G &t e d B R A oh gk X PR L (M
XKW1 KRIE, 2023, 44 (2): 246-250.

(131 ¥AE, B &, B, & A5 TRk S54RI AR BOR A1) 4 1 i 4% )5 A o (55 o
ey (7). [ Bro 0 o 0 2 SR 407, 2021, 48 (2) 1 197-201.

(14] 24, ) B 5, BB IE, 4. 5206 M S ot e 0 350 405 89 R LY #R % B0 U MR
A o 3 2 BT (). A 2o =, 2006, 40 (1) 1205-1209.

(151 3K A8 B . a2 4R TR w oK 2 Al AR 3 AR 1% 3¢ 5 7 )L Gkt R U1 1 5403 69 5 1 A
(E[1]. b EEFE £, 2015,12(12): 107-110.

(L6125, 4 24 W, JE— 4, . # 3R SO AR BRA TRiOm AUR Rt B K PR i i B —
KA TE (T]. e Em A E 4, 2020, 32 (11): 1336-1339.

(171336, vt &, K&, 7 LB A5 HMRIY #ook & B Af B 7 B 7 247 [T]. # B CTAn
MRIZ 75, 2022, 20(9): 6-8.

81 =, T/1E, ek, %. 3824 7 7 )L AE & A 2 R 45
#%,2010,17(3): 4-5.

[19] 5k 4, I AL, #0308, 4. 31 A L B Bt M o 69 W6 PR 4% A2 KOMRT 2 30 95 BT A 58
[J]. % ECTAMRI ¢ 7%, 2022, 20 (3): 8-10.

(200 %€ FI, 2= MRIBK-AMRS 7 I Ji B8 2K« Bt b R e 3 o 45 407 o 2 21 35
FHyEAME ] DR A E, 2022,29 (6): 22-25.

AT (0] F Dk 2k

(WFSEHA: 2023-11-21)
(RXI4mEE: WhAnin)

31



