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Application progress of ultrasound in common neonatal brain injury

WANG Dandan, QIN Qin, TONG Minghui
Department of Ultrasound , Second Hospital of Lanzhou University , Lanzhou 730030, China

ABSTRACT  Brain injury is the main cause of neonatal adverse neurodevelopmental outcome. Early diagnosis and
treatment are of great importance for reducing neonatal mortality and disability and improving prognosis. In recent years,
craniocerebral ultrasound is an important diagnostic tool for evaluating neonatal brain morphology , especially for children with
severe diseases. This paper reviews the application progress of craniocerebal ultrasound and its new technology in common brain
injury in neonates.

KEY WORDS  Ultrasonography, cranial ; Brain injury ; Neonate

T EE LB 32 i PRl 00 DR 2% o P9 3R A 38 A JLAR T
T JRE Y I ke S ke L P AR/ P AR s, SR A JLAE T AN
P22 R B WA R o T A L A A ) R R T4
350 52 S5 100 1 B9 P-4 i PR B+ 90T B S s e 2 e
L) o AR B A 7 ARG A B A AN AR T AN T A R i
P TR T B TC B AR T A L 5475 9 ¥ B AG A T 7k . AR
A0 A P e T B A AT A L AL A5 497 v 154 L0 FH i i
fresid

— JHUA AR AR L L A 40 v B4 10

LB AR LB B L PR R (hypoxic ischemic encephalopathy,
HIE ) « 2 [l 7 1 PR 25 i IR 5 R Y 58 A AN 58 Ak 25 VR B
IR 7 , o BRA AL G I 34003 P 1) B R P 2 S AT
ARRANTA] 57 JL 3 B 0 i 2 Jo) Bl i, i A H LT O Bz )2
LT E A AR AR SR AR 2252, 3k — BRI A i 75
WAFEN T HUE U 75 7 R LR AR A 5 | i K i J=
24~48 h B T2 I HIE 280k i 57 10 7 8 5 K 03
F B A A NS AR AR )L HIE AT R A R VT
R ] RE T BLAF BRI K i AT I SR AR
AKEE BN . LiG HIE TR SUKE A L AR 2 B, Annink
SR — OB R AT 2> R G TS HIE BR3P

PR 02730030 2T, 22 R85 — R Be i A B
HIRVEE : U, Email : tongmh1962@126.com

R YA T3 B AR Ok Bl 52 2T 1 5 R 22 %] 161 A )5
0~641) TR IR 5 52 BA5 bk (Fe i Fe 2 9 2 )5 B mT D | g 47
A, 0~673) KB S48 5 (0~143) B R FR M A )5 3~7 d, =
WA FRFR SR R BUS B AHIC R AT UL 3 R 1 i A
M PEAY R GEAE R —Fh T, AT DA 1 A A 45 495 S T
HIE (15 - I R W78 2 L HIE A5 50 32 24830 3 A= LA if.
A ASAE , 2230 35 P R A L AT el R S W i
Bl BB IS 3 44 60 151 HIE F LSRR R sk Kk 3l
ok vl S I Bh F1 2 28, K AR IS 24 W Y SRR AR L
S HIE 2L Vs VA BT R RS 5 T (39 P<0.05) 5 H A
J5 96 h, F i HIE Vs VA 48455 1 3 HIE AR 25, RIS 0] i
(31 P<0.05) , 55 K- 0i " BiF 57 45 SR AL, 2% B 238 0l 75 0] 3h
AW HTE () e A8 o 2, AT 0™ SRR, X HITE /) R 0192
TR I EEE L,

2. PP HE L < T A LR T Y A g R B R
FE Lo AR IS T 43 A TR O ke )R St
-9 iiE B e 1N S 4 i 1 R R4 B W i s R 1R R
10 25 P A e i A 0%, AR k3 T SR R I A 2 B A0 e A I
B R <32 A AR LI B hIE A HLE A A i T
T A i A 55 1 1 A I S ot AT | e



- 616 - I PR P 2 2 75 2021 4F 8 J1 45 23 4245 8 A J Clin Ultrasound in Med, August 2021, Vol.23,No.8

T AT B P Y L, 33 7R EA IR T R T R )
A A DR 4 DR R R T R S R | e R A
AR LB R I T A A R T S . DRk
HR I < 02 T L DR R R 2 i A 2 B A A
Bl B 2 AP R AK 5 S5 5 i« A S 5 P A IS R
A Il X5 M (9 5T s i Y B A Tt S b L H B AR
Il J5ag 7 X 2 5 (2 7 BE T 1t - — 0 sl U ) 2 45 A5 P
A AR AR ] 75 i I ) R ST T VA ol T T X
RE AN H i - 151 5 I 4123 =2 18048 A TR 38 el 7= X, ) &
KT FERIER Y AR SOV 556 1B AR L AP H ik
K CT 45 50 2 B, i 8 e X 2 A S+ L A0 32 T v it S 4
T CT(100% vs. 93.5%) , XF 2 45 R 4 L (9 46 %6 5 1 MRIT
(18.6% vs. 12.4%) , 2 5344 Geit 2% 5 L (34 P<0.05) , = W] /5l
i 8 7 AT A S S W AR O R R R A T i
DU A I 3 N H Il I I EE 475K (PHVD) R AR 7K (PHH)
B AU 3 T SRR R B, PHVD 5 8 LTS 204 06, 7
U1 10U AT A5 R 2 A4t 47 108 FE 300 2o fi o 7 Y00 i 2 i ]
2 W PHVD I LUVR YT, 5 W 2 8 7 45 b Iz,
MR A Yk UK B R N BROLIAN KB Bl
3 BB s, HL 5 S0 il AF G 19 5 A& RE KU B4 . Obeid
L] B 23 M7 64 191 % 25 P IO 4 1 72 L OB iy <29 J1) 1t
Tk PG, 0 15 ) LFE & PHVD, PHVD HULM AR —TA
BT IHTNE FE A S FG s B W 5 T PHVD S L (3
P<0.05) , H.5 MRIEER 0B 11 i 405 3 222 974 56 (38 P<0.01) o
— PN " PHH AL 2206 I mk AT 150 ARG 2 4
FE 7, T B 00 ki 2 PN T B TR A B, R I R L
3L IUAT 5 ARAR B ACHE B 1) B2 A A5 g, 2l I3 S 16 R
BIT o A 2EH BRI, MECT UG R B oA 7 A )
i 2 JE A 2FRAE (RN AT IR R 3BT bR ) o) = 39 5 101 75
Il R T FU%) PHH RS 2 75 (94% vs. 85%, P<0.01) , %5 F1lfs
PRIWIAIT PHH A B2 X 30 A7 A it 25 i fii 8 75 4 AR A
WHE =, RSB A 5 1 SRR 7B A2 LA H 1B PHH 7 T a5
ETEA I T AR U R R S A A 0 e B E R
DTSRI LR R RS

3. % JE il BT AR (periventricular leukomalacia, PVL) :
T2 T AT T A O 2 R P A S B AT T, P L
Pt —FPREE AR, A DR — E A Ay o P 1 A 33
MPET09 ) WFFE s, Bk PVL S IR PHEsE 1 i 7 SR 2
86% , A It R T PVL X 48 I KA 7 = fa LA S
Wi, MRIZZ W™ L PVL A 4 bRl , SR 1 MRI &) 5%, BR 5%
SR AR AR, o FE A R LIY AN B B, HE Rk MRT K A5 A
AT RBAICAR PVL 9 7™ F R i 08T il 6 75 1 3 A T AT R
PR 55 4 4 ] 5 M 3 4 A5 0E 1T A4k 8 493 B ] A J A L DA
KR % B L . E U B RO PVL Ay o 48 T 2%,
LA 2 L) s v [ 7 (>7 ) 5 T4, I 2 0 Rl il /I i 5
0 9%, 5 T AL 30 i 2 ] L (9 00 )32 4 i (3 PVIL) s IV, B
BEF AR Z M. b T 90 PVLTE UK #7503 31 R W
A4 0 2 S0 B AR X e 1 [ T R PR 9 2 B Al
AR G 5 1 O, IR I 2 D Bk B R B R AR

SR, POURG A P PR3 1 0 PVL AT SR8 TR M , 52 FR] i 2 ][] [l
PR A WA 1T PVLJE il & e i )5 2~6 JH
ER AL, S ) R A X N L A e T e e v R
F%) 0 ] B - XU e 2 M PR AT O, T 850 - 8 e i 8 5
PERESETC O B i fr) 0 2 7T B2 T ) LA 28 20 2 i g
TR B TR, B 22 5 A RS A G A= o Sarkar 552V
FER I, HEME PVLREIM I 26 70 /LS Frge i s e S 32 1% PVL
PR LR L, AN R 25 R 100 IXURS S 0 o 30 2o 5 A 75 12 W ot 25 )
Pl BT 4 405 32 WL 0, BBURR P AN v, R T WL DPAN i 32 ]
Bl BT 00, e R BT T — & B LoE o RS SU BT R
58, X BRGNS 2~3 N PVL B & AR B2z
FEE R AT RGERAN T MU A AR 2, T L BN PVL, 2
LTS, 5 T A A BE PRI ST UE S A2 W RLRE , DU A
RO I TR R

R HTRARAE B A LB AR A i 1 T

1.7 P S ISR < S — R AT I A 7R IR AR, AT
PEECE ST ZH SURE L A 1Y JL P e g b, Sl 5 HL )
B AE 19 J2 85 ) 3 3 M 815 (shear wave elastography, SWE) o
SWE 78 K o 7 45 A, AR AhE 300 ) 2l 40 52 96 a2 75, SWE
TEVEAR T A LB 7 TR R 4 o I —JRTRIE R 2 R B, %
B/ RAEA T SWE K A5 , e iSRG 52 By 2 8072 1k
RZFW . EIR SWE I A]>30 min J5 , 5 %0 28 48 ff 01 5€ fikh
FTIIPEAR DG I AR 1 ik Bk T 78k (H 34 s SRk i e 3
R ARBTOE S . R IR M AR T I R 2
KB AR ALK R R AR APE R SWE B4 2 PERR AL T #hi
AR BT LIR35S R, b AR A2 W 45 475
J7 i B — B F7 o Dirrichs 252432 F SWE Kl PHH £
LA i 2 ] P S S5 A R, 2 B P H 2 S5 Jo A B 9 S v T I
41(21.8 kPa vs. 14.1 kPa, P=0.0083) , FLAK 52§t F Ak (8 542
A B A A T S 2 R TE AR OC (=069, P<0.001) , & ] SWE
AT T A LA AR A, PPAR BT R AR o R A
SN SWE R 134 11585 A J Ui 2 488 B, % 30 e ) TE 6 21
e i B /N i ) A FRAB (L2 KT /2 H HILE 41, TR 5t £ 41
B0 Ko/ NG F) A PR (X KT fik 1 B 2, 22 e A it
FRSL(HP<0.05) o BR T AR P BRSO, Sk s AR AR SR AE
5 R A B LZ B & & 22 5 07 T A Ry 7R .
BIFE 20 J BR,  ) L e A 2 ] T 1 T A i P A1 7 2
JIL(HI P<0.05) , 3 Ff Bl i e A [ 3 O I g 32 1) 222 A 7T g
SRERIE AR B A G . A M UG TR A LG A F Y
B ABCAE WE IR AR LR & o B 0 75 T A T el v g

2. = 4k /i ik #8 A 12 (3—dimensional cranial ultrasound,
3DUS) : fE 44 3% S AN R F- 18 1 — 4K B UG 17 )5 Ab 2, 45 3]
—AEH A SRR EDE . 5 4 S A L, 3DUS 434 B
()6, o 2 A S M I U2 PN Y L B Ak ) L A 47 B A
IS ETE 527 RIS R B, 3DUS 12 B 2 A IR Y If
i % P B i 92 5 it ) RS 14 B A8 T CT(P<0.05) , B I PT L
3DUS ZEIZ Wl A= LA i 5 T B — € B fH . 3DUS
] R HPPAL BT A LI % 25BN, Kishimoto %2 BF 52 R B,



IIp AR BE 2 2k 2021 4E 8 A 4523 455 881 J Clin Ultrasound in Med, August 2021, Vol.23,No.8 .

617 -

3DUS -8 A 000 fiki 2= 28 AR5 MR 00 i % 7 L7 B2 A 5 (2=
0.99), HPHVD FE LN 28 J0 75 | 37 ki 5 V8 i i 000 g 25 258 AR £k
55155 W 51 I S A 5E (2=0.92) , 6 BH 3DUS ] S H W
PHVD . PHH 55595 (1 i & 4 ol B 1, %48 S 11 R 09697, o1
fIRYT ORI 208 S R AT & B 3DUS & 1) 0l i
R A R I (G 2 S R A R R e b B 2 TG
W @AM , 55 Benavente ZEPO B SY 4518 AN —B, 0 Hr B KT AT /g
ST AREAS AL | A I AR AN — A

3. T T R R R AR 5 7 4 A S R 11 4 e 22 )
55, ML IE 5 O A8 4120 A 1 v v TS e . e
F LA TR D (RS T R 1 RGBT R F
TEI W IR ThT 0 B RE  , fZ  O BFE s. B
A UG 7 15 52 LIS $10% 1 0.05~0.40 , 15 52 551 71 e — R
0.3 ml/kg, [ B MR 5 4 T AR A% 2 AV RIR Sk | 75 20 ) 2 18 75 (X 2%
SR NUIIAE B0 3 25 R AR B DL AL OS5, R IE
FIG T BY  H  5 E a I e) -5 5 il 28 S R i 3 2
SR, AR 1 e TS 0 RN ) L D (LR 8 R I kT T AR AE Sk
DDA IR 24 B DX I P I 7 T 195 100 o Hlwang 552058 32 % HE 43
M 3 190 G M 54 495 3 A L CIE % 41) K 5 91832 4 HIE B 2k L
(HIE 20 ) i fis 18 745 3t 5% 45 51 , % B HIE 20 W sk b R (il 2
TR EEIRAOIM T IER A B TR R 225 80T
22T L(P=0.0571) , [ Feh ik 2% BHIE # 26 A4 H e I A 141 55 R I
) HE VR SR G >1) , 1 HIE 40 2Rk 1 ol AL, 20
7 1 T LAAE R P4l HTE e VAR e n v e T 5 5 W afF—
B KBEA i UG UE LI PRI AN o Zhao 55 W] T —Fh
TR R T 22 S 0 ) B0, S P S T AR P S 38 mT B g 3% £k
I3 200 B8 /N 5 I 4 L, 4 5 8 7 S o) Bt i AR T LA 22 4 it
LGB, D7 e it P S B S K AT PR YA T .
BERT O, RS RIS 7 1) A 7 3 5 A S — R 2L 25 )
AR, R TR 75 S ) O R A TRE I 45 2 SSIRYT o

=

RIS B AR W A LI 40 ) AR ik
SRR i, X T 45 IR A LA 45 28 R R S I W B
SC o PR ) T AR AL A 1 4 2N LR DA R i A A
A IEER , S a5 T U0 20 200 2 11 0 A8 Ak, mr B T
VA5 475 5 [vi) BsF 7 e AN LM AR A R e A TR
B A LN Z2 A5 ORE 75 AR AT RE AR A K JLAR BB 9T ka3, LAY
i REEBEE Z 125 2.

S 3k

[1]  McNally MA, Soul JS. Pharmacologic prevention and treatment of
neonatal brain injury[]].Clin Perinatol ,2019,46(2):311-325.

[2] Deeg KH. Sonographic diagnosis of neonatal hypoxic—ischemic
encephalopathy with high-resolution sonography—part Il :cortical and
subcortical lesions[ J ].Ultraschall Med,2021,42(3):314-316.

[3] Salas J, Tekes A, Hwang M, et al. Head ultrasound in neonatal
hypoxic—ischemic injury and its mimickers for clinicians: a review of
the patterns of injury and the evolution of findings over time [J].
Neonatology,2018,114(3) : 185-197.

[4]  Annink KV, de Vries LS, Groenendaal F, et al.The development and

validation of a cerebral ultrasound scoring system for infants with

[17]

[22]

hypoxic—ischaemic encephalopathy[J].Pediat Res,2020,87(Suppl 1):
59-66.

BT IR , EPF, 55 R (0 20 il 0 A Lt et 2 M
FAHIZWHN AL ). P PR 244k, 2018,34(2) 1 101-104.
KV T P 0 S e L A T A B L S K L K P
S LGRS e R AR R A L] A SR8, 2018,25(2) -
200-202.

RIS U R X A LSk U A2 4 N T AR (AR L) ]
PR LR %% ,2019,28(6) : 1407-1408.

Putbrese B, Kennedy A.Findings and differential diagnosis of fetal
intracranial haemorrhage and fetal ischaemic brain injury: what is
the role of fetal MRI?[J ].Br J Radiol ,2017,90(1070) : 20160253 .
Uil 58 W) R (0, 2305 R PR I T I W A LAt I A9 e DA 11
EBTFELT ] P PR 2575085, 2020,49(5) : 525-527.

BT ELIM AT 56 B A CT AR 0T A LAt H It v 73
)] B2 AR50k, 2018,28(9) 1 1435-1438.

AL, XS0, 9 1) W v ) A L 355 {61 U % 5 MRIL I
ARSI P I I AR R 2%, 2020, 13(1) : 67-69.
Leijser LM, Miller SP, van Wezel-Meijler G, et al. Posthemorrhagic
ventricular dilatation in preterm infants : when best to intervene? [ ] ].
Neurology,2018,90(8) : 698-706.

Obeid R, Chang T, Bluth E, et al.The use of clinical examination and
cranial ultrasound in the diagnosis and management of post—
hemorrhagic ventricular dilation in extremely premature infants [ ] ].
] Perinatol ,2018,38(4) : 374-380.

Obeid R, Tabrizi PR, Mansoor A, et al.Ventricular shape evaluation
on early ultrasound predicts posthemorrhagic hydrocephalus [J].
Pediatr Res,2019,85(3) :293-298.

Cizmeci MN, Thewissen L, Zecic A, et al. Bedside ultrasound—guided
percutaneous needle aspiration of intra— and extra—axial intracranial
hemorrhage in neonatcs[]].Neuropediatrics ,2018,49(4) :238-245.
Kurimoto T,Ibara S, Kamitomo M, et al.Assessment of risk factors for
cyslic periventricular leukomalacial J]. J Obstet Gynaecol Res, 2020,
46(11):2383-2389.

Hielkema T, Hadders—Algra M. Motor and cognitive outcome after
specific early lesions of the brain—a systematic review [J].Dev Med
Child Neurol,2016,58(Suppl 4) : 46-45.

Martinez—Biarge M, Groenendaal F, Kersbergen KJ, et al. MRI based
preterm white matter injury classification: the importance of
sequential imaging in determining severity of injury [J].PLoS One,
2016,11(6) :e0156245.

Agut T, Alarcon A, Cabaiias F, et al. Preterm white matter injury:
ultrasound  diagnosis and lassification [J].Pediatr Res, 2020,
87(Suppl 1) :37-49.

Gotardo JW, Volkmer NFV, Stangler GP, et al. Impact of peri—
intraventricular haemorrhage and periventricular leukomalacia in the
neurodevelopment of preterms: a systematic review and meta—
analysis[]]. PL0S One,2019,14(10) :e0223427.

Sarkar S, Shankaran S, Barks J, et al.Outcome of preterm infants with
transient cystic periventricular leukomalacia on serial cranial
imaging up to term equivalent age [J].] Pediatr, 2018, 195 (1) :
59-65.

Jung HN, Suh SI, Park A, et al. Early prediction of periventricular

leukomalacia using quantitative texture analysis of serial cranial



© 618 -

[24]

[27]

Il PR R 20k 2021 4E 8 A 4523 %45 8] J Clin Ultrasound in Med, August 2021, Vol.23,No.8

ultrasound scans in very preterm infants [J]. Ultrasound Med Biol,
2019,45(10) :2658-2665.

Li C, Zhang C, Li J, et al. An experimental study of the potential
biological effects associated with 2—D shear wave elastography on the
neonatal brain[J ].Ultrasound Med Biol ,2016,42(7) : 1551-1559.
Dirrichs T, Meiser N, Panek A, et al. Transcranial shear wave
elastography of neonatal and infant brains for quantitative evaluation
of increased intracranial pressure[ ] ].Invest Radiol, 2019, 54 (11) :
719-7217.

FEVAE AR, R , A5 SR B L) O SE P A AN B A LG
I PROFTELT ). PROBE B2 222385, 2020, 22(1) : 61-63.
Albayrak E, Kasap T.Evaluation of neonatal brain parenchyma using
2-dimensional shear wave elastography[ J].J Ultrasound Med, 2018,
37(4):959-967.

Kim YJ, Choi YH, Cho HH, et al.Comparison between
3—dimensional  cranial  ultrasonography  and  conventional
2—-dimensional cranial ultrasonography in neonates: impact on
reinterpretation| J |.Ultrasonography,2018,37(1) : 63-70.

B T ORI UG = R AT A JLAE ik oA A
e B R AR LD ] o G PR R 2 B R 2% K, 2018, 29(6)

387-390.

[29] Kishimoto J, Fenster A, Lee DS, et al.In vivo validation of a 3-D

ultrasound system for imaging the lateral ventricles of neonates [J].

Ultrasound Med Biol ,2016,42(4):971-979.

[30] Benavente FI, Lubian GM, Jimenez GG, et al. Ultrasound lineal

measurements predict ventricular volume in posthaemorrhagic
ventricular dilatation in preterm infants[J].Acta Paediatr, 2017,

106(2):211-217.

[31] Hwang M.Introduction to contrast—enhanced ultrasound of the brain

in neonates and infants: current understanding and future potential

[J].Pediatr Radiol ,2019,49(2) :254-262.

[32] Hwang M, Sridharan A, Darge K, et al.Novel quantitative contrast—

enhanced ultrasound detection of hypoxic ischemic injury in
neonates and infants: pilot study 1 [J1.J Ultrasound Med, 2019,
38(8):2025-2038.

[33] Zhao R, Jiang J, Li H, et al. Phosphatidylserine-microbubble

targeting—activated microglia/macrophage in inflammation combined
with ultrasound for breaking through the blood—brain barrier [ J].
J Neuroinflammation,2018,15(1):334.

(Hické F 391 2020-06-30)

(255 614 10)

B IAD 2 P KT 3358 s F 2 CT =248 B /i A7 A2 IS Bk EL I A ZE B (B3R ) A BB I A B3 (L0 Sk ) L A8 AT L ek ) o D58
W LSVC: 8 BREH#KG LA 2255 5 A0 E B IK; PA sk s RA - 47 55 s ASD : s I BR BAbE ; SVC - A7 b s ik
Bl 1 Raghib ZZA IR A KIS M CT =2 8 1t 5]

I7 o AGIEILIN G IFER M 57 R R S ant , AL 3 ik S48 R M
WA AR . RJR BB IRE R

(1]

S% 3k

W, Sk R, PN, 25 . G THSRE IR 30 Ik 32 L5 A AT A0 8 7 0 3 PR
AELT]. b R S R4k, 2017,33(7) :601-604.

Aok, s BRETR, 4 T UGEEAR WK SE 27 G AR I 12 W e 22 g

JEEBE T ARG TT [T AR SRR i (A Rt , 2020, 13(3) -

177-181.

Wang B, Prejean SP, Singh SP, et al. Percutaneous repair of Raghib

syndrome[ J |.JACC Cardiovasc Interv,2020,13(17) : 159-160.
(s H 1 : 2020-05-06)



