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(=] B8y WHBIIK A BEFRIC (arterial spin labeling, ASL) BAZ A & B9 I% L7 (cerebral blood
flow, CBF) P XM A B A K (bronchopulmonary dysplasia, BPD) 55 JL Jey 38 K ik B Jo I 37 78 V8 o o
Fik  RAFETEDIFITE:, 2021 4E 8 H—20224F 6 H 7EHS M K250 = KR BE B 2 Bk A= 3555 A8 LR
k<328 I ERE <] 500 ¢, ﬂﬁélmﬂﬁm35~40E%bﬁ%ﬁﬁﬁéﬁﬂﬂﬁbﬂ%&f\m&ma90@J$FJLM}F§EX¢%
YGRS W N BPD 43 A BPD 24 (n=45) FIHEBPDZ (n=45), HHPIH "L ASLAHFEERSHERIX (FiH:-
T A AR AL ) CBREAY S, S8R SAEBPDAHRESILAHIL, BPDQHQFJlem
Apgar PP AR, HBLESERE K, BILFEEERER, 2R¥A5IFE X (P<0.05). WHZEERIH
Sy R Sk AR SRR A I A RS . HIR SRR, SAEBPDAIMILL, BPD AL A& . Wit
TR RCRE . LRI . RN CBF B4R (P<0.05). £5i6  BPD Al i &7 JL Ak Bz B il pi e v 23 v
ARE S RTHIBIAA . B (a1 Bl < G [hE LR ILRIZEE, 2023, 25 (1): 31-37]
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Influence of bronchopulmonary dysplasia on cerebral blood flow in preterm infants:
a prospective study based on arterial spin labeling

ZHANG Chen, LI Wen-Li, LU Lin, ZHU Chu, QIN Fan-Yue, YUAN Meng-Jie, XUE Qian-Ru, XU Fa-Lin. Department of
Neonatology, Third Affiliated Hospital of Zhengzhou University/Henan Clinical Medical Research Center for Pediatric
Diseases/Advanced Medical Research Center of Zhengzhou University, Zhengzhou 450052, China (Xu F-L, Email:
xufalin72@126.com)

Abstract: Objective To investigate local cerebral blood perfusion in preterm infants with bronchopulmonary
dysplasia (BPD) based on cerebral blood flow (CBF) values of arterial spin labeling (ASL). Methods A prospective
study was conducted on 90 preterm infants with a gestational age of <32 weeks and a birth weight of <1 500 g who were
born in the Department of Obstetrics and admitted to the Department of Neonatology in the Third Affiliated Hospital of
Zhengzhou University from August 2021 to June 2022. All of the infants underwent cranial MRI and ASL at the
corrected gestational age of 35-40 weeks. According to the presence or absence of BPD, they were divided into a BPD
group with 45 infants and a non-BPD group with 45 infants. The two groups were compared in terms of the CBF values
of the same regions of interest (frontal lobe, temporal lobe, parietal lobe, occipital lobe, thalamus, and basal ganglia) on
ASL image. Results Compared with the non-BPD group, the BPD group had a significantly lower 1-minute Apgar
score, a significantly longer duration of assisted ventilation, and a significantly higher incidence rate of fetal distress
(P<0.05). After control for the confounding factors such as corrected age and age at the time of cranial MRI by multiple
linear regression analysis, compared with the non-BPD group, the BPD group still had higher CBF values of the frontal
lobe, temporal lobe, parietal lobe, occipital lobe, basal ganglia, and thalamus at both sides (P<0.05). Conclusions BPD
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can increase cerebral blood perfusion in preterm infants, which might be associated with hypoxia and a long duration of

assisted ventilation in the early stage.

[Chinese Journal of Contemporary Pediatrics, 2023, 25(1): 31-37]
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W 1R A B2 2 Y 2 e RBT A )L iR K
T, i (gestational age, GA) 32 H LI
P LA A R Tk, B A0 Mk
BB 1) & A XU AT B v o R 2B ™ LR s
A AN TRI R B A WP AR G, A I TR] A4 4807
MAEB @, MHEIFRELAEMEFTAR
(bronchopulmonary dysplasia, BPD), H* [ #74 JL
M B 7R 3 [ 2019 4F GA<32 JH 5™ JL BPD
(R LEA029.2% . BPD S&—Fi 5 il & B A I
BRHICHY SAEMELR NG , 2 T B 48 8 7 B fi A
SEAERE R P, KB R R ik —2F BPD &L
MR G KB R . Neubauer 55 ' B 5% & B
BPD AEMS (R4S 44 it B A A SR, Lee 55
I SRR K B UG AR A L LRI & BRI,
ZI5HEBPD BILAH LG, 2IIENG#: 2 i BPD &
JURG 1 BTAARFRSE /N, SRS H i G T BPD XL ™ )L
RN B 5t % 7 5 Wi OIS i 2, L =2 i i, 9
T 7 T TS

Mk M7 & (cerebral blood flow, CBF) &4tk
iR I B SR RVE R I, 5 R AR R AR
WHAH ¢ o B Ik A €45 i (arterial spin labeling,
ASL) JBARHANE Ry —Fhede 4 JCRIRIRETE R HL
AR, AT RLAE AR A 3 3R RN A XY CBF
{8, AW B AE R A ASL BS54 CBF
(EPPAl BPD 572 JLAR J5 331 R R Jo J 0 A 1 37
FETEE O, BPD R IR iR il B2 1852 i) i (AL 55 114
RS, [A] s g 1 L 28 7 T2 5 i £ B
P Im]

1 #ABREHE

1.1 HRIK

K F AT WE PR 5T 07 4, HEHR 2021 4F 8 J —
20224F 6 H ZERBIN K255 — B = e =Bk 11 2B 4
AHAE LB 90 9] L= JLAVE M BFFEXS 52, A A b
. (1) GA<32J#, HAAHE (birth weight, BW)
<1500 g; (2) THIEREE 35~40 Jf 5¢ mg Sk i g
PG (magnetic resonance imaging, MRI) A ASL
Kidr o HEBRARIUE: (1) SGRAMEMIN K T W& ;
(2) ARG s (3) Sk/BIMRI L ASL
x4 IS A7 AE g PN R Bl it e 5 (4) [ A 20

AEERLE; (5) M~Ngmnhims; (6) &
et i . e Rt 7. AuFsE
b RN R A 5 = B i B o S A A T D s i
(2022-126-01"5) , 2187 A= JL 4 A28 115 [+)
M, PSSR
1.2 44

AR 2018 45 36 [5 [ 7 JL B el 5 26 % e b
FEITEITHIBPD & ™. GA<32 By~ L, fF
AR UL B RRSL P I 52 B 42, 2 IEJIG i 36
Sy 22 /DS 3 d S B RIS AR AR
WA BEAEFF S K ML A A (oxygen saturation,
Sa0,) 4 0.90~0.95. R4 & 7512 Wi o BPD 43
BPD 41 M- BPD 4.,
1.3 #RHE

WAL IR BERE: (1) B LA &L
BEZEIAEOL: GAL BW . MG AT, BIG.
/NFRREE L. 1 min Apgar P43 Fe il — IR ZL 40 Y
J£ L (hematocrit, HCT) . Jifi 2% 101 3% 4 ¥ B2
(pulmonary surfactant, PS) W FIEM . Bl < Bt
B8] . ki MRIKS A B 2 TE G I A0 H %GR iR 0T
MELER . 2V BRFERER . RILEE . G
RO (2) B)LIR ARG AL : #ia: JLIR
YetE/Nm 45 7 % (neonatal necrotizing enterocolitis,
NEC) . H 7 JL ¥ M B& %5 (retinopathy of
prematurity, ROP) . 3hik &4 K14 (patent ductus
arteriosus, PDA) . B & BUINGIMAE . T ~ [T gy
I U E B, B LT R A2 W 2
FE SR (ML) P
1.4 LAMRIKER ASL Bl RES A IE

PRI LY T 2] T i % 35~40 J) 58 1k 5
MRI K ASLAG A, EJLBEH (KSR B L il
5 mg/kg) BAHESS VAL LT PRI AE AR A AR
R, JF MR Sa0,7E 90% LA I, KuAr i B g 4
F6 WK S WA I Sa0,, 5 Sa0,<90% 5 11 K 3k
Fiil MRI S ASL £ #5 . ) ] GE SIGNA Pioneer 3.0 T
MRIFAHAL, IR 20 LR, XA R
FE LA Tk i E B MRT (T, AR . T, IASUAE
B WA S SR 5 . TREOmAUR R ) K
3D-ASL K i 57 141 . ASL $148i f0.5 Ax-T, CUBE
X ZE K5 F1 3D-ASL P ER 73 . Ax-T, CUBE JIRiZ5H4
FHF WS 458, 3D-ASL T 5 Ax-T, CUBE fiii
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SRR RS o PR A T A, Al
. Ax-T, CUBEJ¥41]: FEERIE5 002 ms, [HIJ
18] 98.4 ms, JZ/E 2.0mm, JZEIE 1 mm, 5[4
220 x 220, BREC2, JEE 144, FLEF 240 mm x
316 mm, 9% W} [[] 3 min 40s. 3D-ASL 3% [ SE
SPIRAL ¥, &2 E #l Ax-T, CUBE J¥41, lifh
P, HEEBTE 4650 ms, [A13 BT E] 10.86 ms,
BIE40mm, EEMHE4.0mm, FHEFFES512%x512, #
b3, ZEE072, PLEF 240 mm x 316 mm, FRid
JEAER B2 2.0 s 1, FHHS ] 4 min 10 s, BT

ADW 4.7 TAES TS A0 B, i FH Ready View {4
BT BIAPIRP R RS, RO DR 1A
T 7 fil & BB b3k RS B IX (region of
interest, ROI), A5 A p o DX dal (&R L
T wEr ) R AR AR LA A R A TR K
I (ECRATRE RS2 ) o /2 (s P 83 0 kT

H, ZAPIMITFR, ) 2 T A58 45 DL s
& ROIAHE, & ROIK/MEHRIZE (10£2) mm?,
RO B F ROTAIE B A7, I 3 U HCF-1y
H, WE 1 FR.

B 1 ASLE ROIHIEE

A~F ] ASLE (At 200 KRR MmO BRI ik, ATk

AAR SR ROL: LRI B 5T 238Ul 55 3. T B 5 4 B B BT ; 5B REMZE 1y 6. Felikio

1.5 SitFEHth

I FH SPSS 26.0 A AT B A B . B ST
(3 PR 8L « ARt 22 (x£5) Fom, AW
ANTE] ROL 2245 WA CBF {8 (1Y AR R BE X ¢ 462 460 5
AFFE IEA AR T FORER P 8 (D537
) (M (P, Py ] Fox, dml iR H
Mann-Whitney U555 THECFOR UGB H 4 3
(%) s, B HECR A ¢ K BOE SR ¢ K
5. R HZ Itk mIE AL 53 B BPD XA 7] ROI
() CBF {52 (¥ GA L YRR H % K3k i
MRIFG & LA K LB EO) . P<0.05 25
e -9

=+
S

2

21 BMARFILEAEREE

54 BPD 4777 LA L, BPD 41577 )L 1 min
Apgar PEArHAK, i BhAE AU R] B4, Sk fil MRIAS
R IE RIS A H SR, IR LA R R A,
LRIFTEGH 5 X (P<0.05); {HFZHE ™ JLGA .,
BW. M5l AT BlG . DNTFIRIBIL. ol
—IKHCT, PSR HTENL . ki MRIKE AR BW ., 3k
Fili MRTKG A Sk BB L Sk /it MRS A BB A & IR 4%
TG, S MRUKS 2 B W AU OO . BRI D055 7
T b 22 I TG4 L (P>0.05). WK 1,
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*1 BPDASIEBPDARZILEAREZRILE
IiH 4 BPD £ (n=45) BPD 2H (n=45) 20 A Pl

GA (¥ % s, Ji) 29415 289+ 1.6 -1.697 0.093
BW (X = s, g) 1066 + 136 1011+ 146 -1.827 0.071
B (%)) 23(51) 24(53) 0.045 0.833
FE = [61(%)] 35(78) 33(73) 0.241 0.624
g [171(%)] 27(60) 33(73) 1.800 0.180
INF R L [1(%)] 10(22) 17(38) 2.593 0.107
1 min Apgar P43 [M(P,s, P,J), 7] 8.0(8.0, 9.0) 7.0(5.5, 8.0) -3.697 <0.001
FIT—K HCT (% = s, %) 31.1+2.8 30.1£3.5 -1.497 0.138
A ENE S E] [M(Py, Py, d] 28.5(18.9, 40.5) 44.0(29.5, 55.2) 4213 <0.001
LB MRIAG AT B 2] IEJiG#E (¢ + s, JH]) 36.6+0.8 380+ 14 5.579 <0.001
S5 MRI KA H % (x £ s, d) 50.2+9.8 64.0+13.4 5.592 <0.001
3% /5 MRT A A5 B BW [M(P,s, P,J), g] 1 960(1 920, 2 015) 1 980(1 945, 2 040) 1.831 0.067
K Pl MRUAG A I 3K ] [M(P,s, Pyg), cm] 35.0(33.5, 35.0) 35.0(34.0, 35.5) 1.534 0.125
S fii MRIAG AR B A0 TR 2% [191(%)] 38(84) 4191) 0.932 0.334
Sk 5 MR AGAF Bt 7 W 4 [491](%%)] 2(4) 6(13) 1.235 0.266
PS I FH=2 ¥R [11)(%)] 9(20) 6(13) 0.720 0.396
A 300 10 10 505 [191)(%)] 19(42) 17(38) 0.185 0.667
SEGEREEIER [5(%)] 7(16) 8(18) 0.080 0.777

GILEHE (%)) 12(27) 25(56) 7.756 0.005
RS [151(%)) 12(27) 17(38) 1.272 0.259

e [BPD] UEMIAEAR; [GA] Jhle; [BW] HAkE; [HCT] LLANARIER;

22 WAEBFILHEIELER

[MRI] RE3EIRAG s [PS] Az i Y I .

GE 1~ Wi i ™ J LR Bt 0 ) A

P4 7= JLNEC, ROP, PDA., WM& BIMgi  RILERWIESGITFEL (P>0.05), W2,

%2 BPDASIEBPDAHEER)LHLELE

[ (%) ]

415 Gk NEC ROP PDA Mok RmAE T~ P i =L 1 a4
4EBPD 4 45 2(4) 4(9) 36(80) 8(18) 8(18) 2(4)
BPD 41 45 7(16) 9(20) 39(87) 11(24) 10(22) 4(9)

pa:! 1.975 2.248 0.720 0.600 0.278 0.179

PIH 0.160 0.134 0.396 0.438 0.598 0.673

. [BPD] VEMIAEAR; [NEC] B JLISEM MaZsA % ;s [ROP] S LIRS ; [PDA] Sk 4R M .

2.3 MARFILANELTM ROIH CBFEE
PIZH L= JLAS R ROT A9 2247 AN CBF (B 22 53
TG E X (P>0.05), W#K3.
2.4 BPDX}A[E ROI#) CBF &S00
M EILGA, MR, H % Kk 5 MRIAS

AR ER R BH AR, &I BPD 4 4 A7 W]
Ly SN 71113 SN 7/ Ly N 3 20 VAN ot < ]
CBF{EA = TAEBPD 4, ZRA%IT=E XL (P
<0.05), WFE4.
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#=3 WMAEFILEZEROIWAATMCBFELLE  [x+s, mL/ (100g-min) ]

mp il Ll Ll
4EBPD4H BPD 4 4EBPDH BPD 4 4EBPD 4 BPD 21
e 45 14.8+32 189+6.0 149+3.1 185+4.38 144+32 185+6.1
Al 45 154+35 195+54 151+32 192+49 15043 187+ 6.4
tH -1.521 ~1.489 -0.580 -1.393 —1.440 -0.407
Pl 0.136 0.144 0.565 0.171 0.157 0.686
e Hent ST ik
JEBPD 4H BPD £ EBPD4H BPD 4 4EBPD A BPD %1
e 149+47 18.6+6.5 240+54 207+9.0 20.1+7.6 359+99
axil] 15443 193+72 247+53 302+7.7 204 +82 36.5+9.6
1 -1.462 -1.572 -0.964 -0.824 0511 -1.023
P{E 0.151 0.123 0.340 0.415 0.612 0.312
I [BPD] XAEMAKEANR,
%4 BPDXE)L& ROIH CBFEIMA & Tk EETE R
ROT" B hrifEiR B’ 95%CI 1 P
et 5.792 1.230 0.563 3.345~8.239 4709 <0.001
g 5.125 1.157 0.518 2.823~7.428 4.429 <0.001
et 4.878 1.069 0.554 2.752~7.004 4.564 <0.001
et 5.482 1.090 0.599 3.313~7.652 5.028 <0.001
e Tt 5.196 1.289 0.496 2.632~7.760 4.031 <0.001
Ao 5.442 1.371 0.479 2.715~8.170 3.970 <0.001
et 5.145 1.460 0.433 2.241~8.049 3.524 0.001
Fr Ak nt 5.049 1.536 0.410 1.993~8.105 3.286 0.001
A2y 8.685 1.879 0.553 4.946~12.423 4.621 <0.001
e [E S U EZ ] 7.982 1.707 0.564 4.587~11.378 4.677 <0.001
20 Fr v 9.572 2.276 0.513 5.044~14.100 4.205 <0.001
A0 Fr i 10.693 2.288 0.560 6.142~15.245 4.674 <0.001

e [ROL] JEM4HRIX; [CBF] BNIMLR(E . *78 LAE BPD 4UAHRL ROT S I8

3 itig

BPD J2& 577 LA Uiy ™ 2 A8 it 5 5 0
FL Il PR 3% B 32 0y Xp AL A S A8 A BIARE
BPD F8 L BE 5 25 55 )OS T WEWGE IR, | PR ABE
Him, HRZEILmWs 8RBT . 0 5 b
. I EEARRMELEL )R, HEP R
JUR AR AR s M K S 5t . RS
INHITEZ), HEBRMBSARMAEREL A
% AWFSE R, BPD 4R = LK R R 1
CBF i}y 18.50~19.50 mL/(100 g*min), &K 5 ()
CBF {8 4 29.66~36.49 mL/(100 g*min), & T 3k
BPD 4 i)™ JLAY CBF{H. [RIEF, BPDALR ™ JLEE
PNiEPIIE =SSV, 2a s U =T 11 B RS WIN A o1 18N

CBF (R =Rz AR I Z R R 52, WGA |

PRSI HCT. = LI BTt . Sk MRIAS A s
RAS L Sk MRIAS A5 BF 24 1F R 05 A H i 25 7 )
AIFSE P 2H 77 LSk fi MRTAS 2 15 347 42b T4 IRk
A, *GA. BW. PEH. HCT. Fr= LI A S
WATGIE, ZRMTEITFE L, SRR T ik
HZE By, AUt — 2K BLM GAL 5.
% 2 Sk i MRT ARG A Bf A K & B IS L A 202k
PERIERER R % 30 BPD 5 CBF {EAT5 A HH S E
Jai B CBF (75 £k S e 1 K 14 il i 2 . AR
WFFE WL 5L 77 LSk fi5t MRT 5 0 971 S B0 6% i 63 47
KR IR G 2E T X, {H BPD 4124 A7 P N4
e T, LR CBR A A FAEBPD 4,
7R BPD {5 7= )L i Je 5 (4 g & A T
HMAE . Kline 55 "R F T, IBUS AR B AR5 94 5]
Fr= JLA46 B e AL, & BLBPD H LN i i
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T AE /D, B8 BPD BB LR B e R, AR
W25 5 2 — 8 REA A A I R Bk &=
AR H AR VEAL BPD BILIG ik B ML, K
BPD N5 e . BRI R . RLrE BT . Vi
TR SEN 25 1) S P o3 BB AR T4 BPD 4 ™' Bouyssi-
Kobar 25 "' Jij Ff #5245 MRIBF 5T 66 614 7= JLFI 66
o J2 LG Bz I R 7 TR X sk = A ) AR O 1L 3 30
JI%E SN, R I BPD RERE ARG M 245 D) BE LR ROR
RIS K

ARG A B A LR B K 5 1) CBF {5
TR B, X587 LKE RS E B 72
B ) 254 06 . RIN & & in IR R4,
YT 24~28 J&] 32 B 7F 3L R A 2271 X 58 B 8h ik
B, WS Rk AT, HILEs
DA R i K= CE SN il B N 0 S
PR 2H B LA A5 N CBF {8 2% S M T 502
S, UL CBF 34 40 A7 78 A2 A W5 A fii 4 21
iX 5 Bouyssi-Kobar 2§ 7 B 57 —24 .

BPD & P8 . SRR ARG, DL R
WRAEFZMHEELIRE, Kz s A, 2.
PR Ml 405 B 5405 e S 18 52 J 5 BPD 1) S
W, LA B = B AT S IR U 1 & A
YR AL TR ECIRAS T, R T R 2 e,
Jei B A G M o el B OIR L RS R R S A
s, FEEEAREA T -1 kR,
A BRI AR RS, (R 2 R
20 I A R T e A, A S T A 4 B A
ANFR I IE R 25 S8 T 25 B i S i s 405 o s 463493 T LA
i K B S A R SR BE IR - . LA 2R -18
120 A -6 FI T AH M 3R -10 SR4E R 21 i R 3%
srie ) | P o O (5 ] S S TR U A I 1K= e
TP Bz 240 3 37 ot A e A o, R T AR A K
106 3z R %) LR 3 A

ABEFE T RIIEMERFSY, R ASL SR 4 AR
a . JCRIRME A, I R R T A A DX
() CBF {H, {HAH —E MR, 1k, A5
JETFPIARRIEN Y, FeAE/N; Hik, J5#8CBER
(R AR X} BPD B2 J LA 8 2% 8 465 S 00 T80 40 1
ANERE, TR TIE IR

g BT, BPD 7= Lm0 K AR B S5 A Ak i
TGN, AT RE S A S A L B A] 4 B S
Ak, BHSmMM2RBUENERMTE—2
5T

A BRBFANKFSE ZWE ERRSAR
BIEREI, ZFFENMSAFRBE/ENIETS
o

FLB R F R P A B R A A

HE.
(& % XX #k]
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