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Value of transcranial Doppler in predicting intracranial hypertension after
craniocerebral injury

SHEN Huiying, SHENG Xiaojie , KE Qiaohang, LIU Xuegang, ZHANG Jianshe , SHEN Xiaopin
Department of Ultrasound , the Second People’s Hospital of Tongxiang , Zhejiang 314511, China

ABSTRACT Objective To explore the value of transcranial Doppler (TCD) hemodynamic parameters in predicting
intracranial hypertension (ICH) after craniocerebral injury. Methods A total of 122 patients with craniocerebral injury were
prospectively enrolled and received TCD monitoring once a day for up to 7 d.The test would be stopped if the patients showed
decompensation. According to the presence of ICH, patients were divided into ICH group (n=35) and non-ICH group (n=87).The
peak systolic velocity (Vs) , end diastolic velocity (Vd) , mean velocity (Vm) , pulsatility index (PI) , and resistance index (RI) of
middle cerebral artery(MCA) were recorded.The maximum and mean values of each parameter AVs,, and AVs,  ,AVd, and
AVd,,,., AVm,, and AVm,, , ARl and ARI,, , API,, . and API,  were calculated and compared. The trend of MCA
hemodynamic parameters over time was analyzed.COX regression analysis was used to screen independent predictors for the risk
of ICH, and the ROC curve was drawn to analyze the diagnostic efficacy in identifying ICH.Results The MCA hemodynamic
parameters (Vs, Vm, and Vd) of patients in the non-ICH group showed a downward trend during the monitoring time , while RI
and PI showed an upward trend.Compared with the non—-ICH group, the API,,, value in the ICH group was increased (P=0.014).
COX regression analysis indicated that APl was an independent predictor of ICH (HR=1.710, P=0.027).ROC curve analysis
indicated that APl was a good indicator for identifying ICH (AUC=0.904) , cut—off value was 0.148, the sensitivity and
specificity were 80.00% and 90.80%, respectively.Conclusion  API,  of MCA can accurately identify ICH, and is hope to be
used as a new indicator to predict ICH.

KEY WORDS Ultrasonography, Doppler, color, transcranial; Hemodynamic parameters; Craniocerebral injury; Intracranial

pressure ; Decompensated period

B4 H 2019 4F AR £ 1l 5 | ' MR TR 35T H (201902283)

FEH AL 314511 WA & 188 = R B B B 75 R (T T80 RIBEAS ok AR k) I ANEE AV ) 5 iV 5 24 27 I 58 = 1< ¢
R RTIIAT)

WIRVER /N, Email : 1213485387@qq.com



< 106 - Il AR R 2 ki 2021 4F 2 55234555 2] J Clin Ultrasound in Med, February 2021, Vol.23,No.2

filil N 155 1 2% A AiE (intracranial hypertension, ICH)
S ERLE DL fE 2EE , H T S B £ MR AR A
SERECT R BRI HERS T T I AR N
Fxd TR0 1 A8 69T SRRy MBS AR R
I R T 5 A T e A T A
FENGARIER X CTAER A —E R RRTE . &6z
- #) (transcranial Doppler, TCD) 7] 3 15 43 1 K ik v 3l
Jik (middle cerebral artery , MCA ) IfiL ¥t 2 55 K S35 1) 2
AR HATEAE BN R . DR R B TCD Z2H ks i
PPN Y e TRE A O, A I TCD S8 U 50
B PN e 38 v 1) 78 AR 34 DT F5I0 TCH 8 % AR XU o
AR SE R TCD Wil MCA I3 20 11 5 S804k, P4l
SRS BT, AT AR TCH A8 & A XU

BARETHE

— BT

IR M $F 2018 4F- 3 H & 2020 47 3 A IR B I if
(1) PG 105 £ 122481, A BE s B3 A e IR AR AR
P AR I 28 CTUESE & A2 ICH & , 43k 1CH 21 35 451
FEE ICH 41 87 19l . 40 A A5 HE - DA B BiF Il R 22 28 1
CTIE G H R DLW b 55 5 @3 Ry /N ik & LA i 722
QB WERR, HAELZWRIG 24 h N ABE . HEB AR .
OF I i LA ) EZ RS E R QA
B 2 d PRI H B ICH f B I CE A 2 DL SR8l
G3HT) s @JCH T Y AR @ I s i 3l ks Ak i i
Y 28 M S 08 55 mT RE A M 0 45 s B A BIR S AR
TR . ARG TR B R AR B2 A S L fe, Tl
BANHRE &R A RET.

= ARSI

L.TCD A5 0 + i FH At 57 136 Far 1) 38 BB A FR A &)
2000 D {0 235 8 PR 2 WA, ik i 7R Sk AR
1.6~2.0 MHz, 28317 35 B MCA IfiL 37 3 71 22 2 B0l 4
SO0 i 97 B (V) T 5 AR U W (L I 3 3 (Vi)
SR (V) (338 50 (PD K BH 346 (RID)
BURE VR BE R 60 mm B UM & 9 MCA ¥ Vi 5 f5i 41
B3N Bl Dk Vi FEAEL B i 45 5 25 45 44 (Lindegaard

B0 . BEG, BRI 1K, K7 d, IR &4 ICH
2 CTUESL T, W5 1E TCD Wil . 30 5% 45 ¥k MCA IfiL
WE 1% B8 Vs Vd . Vm . P1 X RI, S50y o2s & =

Hn K - {%I%MHE{E’ 40 AVs. AVd.
i

AVm API J ART, FH 3155 X5 W () e KA AR A AP 2
AL AE (AVs,, F1 AVs,,... . AVd,, Fl AVd,. .AVm,, Fl
AVm,,, . APL, Fl1APIL, . ARL, F1ARL,. ). A EHE
TCD A 2 i [ — B A TR DL TAEL R 7 =
U5 A , 24 8 42 I 3 RBP4

2. WSC B I B AR I R PR A k1) AT i
FE B AN 2R T LR ) 5 X BB AT H RIS 2T
AEIR VAL IF 1A H R AR5 06 3 BE 1 1T 8 1R L
(Barthel $8%0) .

=Gt b B

I SPSS 21.0 e itk i, £ A IEAS /A I T i 9%
LD wxs Foom , PHAL HLEAT IS FEAR ¢ K5 50 5 RAF A IE
B AT OB L TR LB (DU 437 ) o, AL EE
4T Mann—Whitney U5 . THECTORA G 8RR,
W2 e A SR FH xR 56 5 Fisher A 8 AE R . R A
Kaplan—Meier 4= £7 ] £& 73 AT ICH 4 8835 09 &R 15 0 -
ANTE B [E] R MCA I3 8) 1 2% S 800 A8 A $45 ok
BT M. COX [l 2 M HA $57R ICH ¥ 7E
AR TR FR . 2l 323 TAERRIE (ROC) #fh£k 4
FrHCFIN ICH & A2 XU i st RE . P<0.05 2% 54
GiileEE L,

& R

— ICH 2 59k ICH 4 R R H A%

W 4 B 3 T ) L AR S L BMI, Lindegaard 48 %
Barthel 45 %5 1105 28 7 1 FL Rl 95995 55 7 1T b3 25 57 4
TGt E . WL,

. ICH % Kaplan—Meier "= f7 i1 &

Kaplan—Meier 2= 47 f £k B 7%, ICH 2178 W 26 3 %
PERPNUTAV PR AW e =R L GUE R s LR T3
HF 20 28% (K1) o it A TR AR i JE 5 Y TCD
AR L AT SR IR AR I AR B (B 2) .

R U RBOR AR

B AR BMI - L EHRIMGE  BEIRI B4 R ()
21 53 Lindegaard 8% Barthel 38%k — — — -
(f51) (%) (kg/m?) () () wabsrYE scimssk EAER HAb
ICH#{(35) 18/17 38.02+8.21 23.61%3.55 1.71+0.39 84.64+5.37 11 8 2 20 8 5
JEICHAI(87)  47/40 40.90+7.48 23.04%3.13 1.69+0.41 87.29+7.58 36 26 9 55 13 10
th*H 0.067 1.872 0.874 0.247 1.884 1.044 0.613 -
PIE 0.795 0.064 0.383 0.805 0.062 0.307 0.434 0.644"

*75 Fisher KBSk . BMI: (AR5 45 % ; Lindegaard 4540 : 1B 22224540 ; Barthel 58K . H % AL 616 Sh BE 1 12 H5 4%



It AR B2 ki 2021 4F 2 A58 23 %55 2] J Clin Ultrasound in Med, February 2021, Vol.23,No.2 < 107 -

1.0

0.8

0.6 1

0.4

BN A SV 2R

0.2

0.0 T " T T _l—'

0 1 2 3 4 5 6 7 -

i (d) . (AL i
B 1 ICHALEE 7 dN BN ERACENERS = % A TCP I U2 PR o0 F 3 MCA U, I AT 35 IS 4 e T AR BE , PLS 3, R 1.15; B Ab T2 1CP
G 1 MCA 1%

S

B2 TCD Wil ICH 4 v i 403 F 5 MCA B97E 1k

= AE ICH 4 MCA I3 3 /12 S5y 2 A ia 3 F2 AR ICH 4 MCA I i3 J12% 2 BUB ML HAR (R )
ﬁﬁXd‘E”'z ICH gﬂ_/%%‘ 1~7 dﬂﬁfjﬂﬂ/ﬂ;ﬁlﬁl MCA *ﬁ%[ﬂl Ry ] Vs(cm/s) Vd(em/s)  Vm(em/s) RI PI

Wl 12 SR AR A AT b &30, PRI &2 - 1K 96.15:5.01 43.53:4.01 61.07+3.27 0.55:0.05 0.86x0.11
FHEE#, Vs Vd I Vi 2 F s H 22 R s i 2K 05.95:534 43.74£337 61.15:2.57 0.54=0.05 0.86x0.12
B AETCH 4L ERIH HR &R 2 R S5 5 R TCD S5 3K 92.72+4.98 41.614340 58.64+3.08 0.55:0.04 0.87:0.10
AR R, 56 5 K5 AR ICH 4 A9 AR Akt B 2% , AR 4 H4K 89.89+5.82 38.96+337 55.93:3.41 0.57+0.04 0.91:0.10
Rl R, Wk 2, H5K  89.85:6.07 37.47+3.82 54.93:322 0.58+0.05 0.96:0.14

VY ICHA S5E ICH AL s 12 S5 i s 46K 86784580 36.08:3.59 52.98:3.19 0.58+0.05 0.96+0.15

ICHZH API ,, K TARICHAH , ZRAEG % E X §7FK  87.04+625 35.91+327 52.95:3.17 0.59+0.05 0.970.12
(P<0.05),ICH#H AVd . ARL, M API . HARW KT Ffli 3422 1550 2.441 3.659 3.584
EICHY , H2ZES TG IT27 B X 4 H 4 TCD I Pl 0.067 0216 0.121 0.058 0.061

Tl 12 - 2R KA R A X A S T, 25 5+ Vs W4 3900 0 9 9 B 5 Vo 7 SRR SR 4T 1097 K 5 Vi P
WG itsam . Wak3, L7 T 5 RT: L3468 P W 54550
R3 A MCA I Sh 122 B A e
20 5 AVd Max AVm Max AVs Max ARI Max APT Max AVd Mean AVm Mean AVs Mean ARI Mean API Mean

ICH# (35) 2.26(1.57,3.34) 3.99(3.35,491) 5.81(4.25,8.26) 0.11(0.09,0.14) 0.17(0.12,0.22) 1.48+0.52 2.50+0.87 3.19£0.82 0.03x0.002 0.04+0.001
JEICHAL (87) 1.91(1.12,2.75) 3.54(3.01,4.51) 5.24(3.87,8.03) 0.09(0.07,0.12) 0.10 (0.07,0.13) 1.39+0.73 2.71x0.90 2.95+0.79 0.01x0.001 0.02+0.003

HUE 17.485 22.481 28.476 9.992 34.971 0.664 5.684 1.438 73.149 38.506
PAE 0.055 0.318 0.075 0.053 0.014 0.432 0.364 0.087 0.781 0.065
AV .+ BFFA I L7 ARSI 3 AV« T8 LR FE A KA FAFT s AV« O ORI S90S PR 3 AR, < BEL A HE8SRKC
AEARAH  APT < IS BOR A I s AV - BT T (M0 0 PP A 5 AV SPH4T TP P T RS A 5 AV's < WO 1068 4 7
JESSAEALA s ARL BRSO A8 s APT - FESHHEHOT-H 725 (i
T LI Bl 2= 2B R AR 3 )5 1ICH & 107
A= AU B2 3k i 0.8
AR 2R COX M 438 o, APT,, RE WS H2 71 i fiki
PR R R A ICH B KR, B3 APL,, R 0.1 4~ 20 g%'
037, BN PR 2 £ P 1 s 14 IR 42 85 71% (HR= E 04
1.710, 95% n] {5 IX 8] : 1.511~1.935, P=0.027) . %=1 07
ROC £k #E— 423 B Wos L APT,, ARBH(E M 0.148 , 7
I P i 53 47 i TCH A= JRURS: B il 4 TR A 0.904, 0'00.0 052 0.'4 0j6 0.I8 1:0
JEME R 80.00% , Fi 714 90.80% . WLIEI 3. A 1SR
B3 APT,, Fm s 65 1CH & Az XU Y ROC il £k &
Woo#® (5 B S AR AT 4 (F 24 F % 1 B ICH FEE T3

FI i G A6 ICH A2 W £ ZARSE IR IR R L CT  JF MBS FRERE R I r RO . 4 RETE /il A s 2 AR B



« 108 - Il AR R 2 ki 2021 4F 2 55234555 2] J Clin Ultrasound in Med, February 2021, Vol.23,No.2

8 = 0 SE 2T AT DL BRI AT MR R R
SRR . AHIESE B TR IR AR08 R 0 ik S0 0 S
ICH A WS bR o KRG shiE 7 s 7 2 e i
ARG 7K Ao R B2 o /I 1 T B s PR R B 3 e A
2SR INRE RIS . 1CH (B E A k3405 9 & 4k
oG P I I, AR 1 R AT B ) B T R B R
() BAEL , /DNl R T 0 2 I A e s 3 B, A i 5 414
PRZETL , MBIk AR 1 Fit P 140 XL G 20> | A T 320 337 1 R 2
R o ARWFTE LGN F5UIN S0 5B 4 122 6147 TCD W
I, Horp 35 ] F s B ICH, & A R M 28.7% 5 ik
PR M BT S8 R 1T R 3 H 0 ICH 38 5 32 5 1 M gk
U e s A O, AR S HE R T T B A A G I
P A PR SR SR, 9N AT 0 9 2 B o 2k e
B 22 R TG 5 L. ok X ICH & #
Kaplan—Meier AR A B, 56 3 R A =
KR L, HUES 5K . Czosnyka Al Pickard * B
FERIN, 50% ) TR MU 32 405 5 T 3 R N T34 i
JE A5, 25% W9 B FE 2 0 )5 B 56 5 ORST- 2 1 Y 1 e
5 o Marmarou 55 58 i 7, K 2 B0 191 7 1 ik 2
155 AN R T B . AR A RS Z 4518 A

H i o S A b A R A 4 AR
TCD 451 B il 37 2 500 A8 A AL, B A G T Fii o8 e 384
AR TCD S8R b A s o A oe Ak
ICH /&35 MCA IfiLiii 35 71 % Z 80 22 4k 3 Bl 73R
W ICH f&# MCA 1Y 5 28 A . A i 53 i 1 % F ICH
2 MCA I3 801 124 2 500 55 52 I 43 Bt 0 AR
FOh PLLRIZ I K, Vs Vd K Vi 3/, 241716 T
TCD Wi Fisi PN A (4 BIF 2 0 4 s 2 2L A AR b
B R T2 A e e I G I A T
ARy, W] 5 IS F 3R T D RE Az A A I
BEL 7 38, i i 378 99 20>, 2 B G 1AL 97 5 3 2% 1) TCD 2
Vs Vd Vi PR izt v /)N 045 2 6 40 L5 /)N
ik % Fii N s R A T AR A L B R, T vd R
A0 S R R EF Sk, SRk, B 2 B 5 i
BTG S R BH A, T o R 0 R A i 4 R By B
i, I P, RUBE K . ASHIF 58 Hr Ak TCH 20 Wi & 457
552 RIEE 5 KW TCD ZEUE K55 5 RIG A8kt
PGz, BEA YRR IRAS s 5 Winkler S5O BFFE 45 0
LN IS B R e A (BB S FUNE k3
VAT B4 B, LR 15495 5 35000 200 B B PR A A % e L
A A BRME, XATAE IR ICH ¥4 5 KIE S50 bt
U L B T R 1 R

FE I PR 52 8 P % B B TCD S 5000 ik A8 1 5 4
R R A DG ARG ICH 41 TCD 24078

A BT 20 M % B, AV . AVs . AVd | ARI ) 5 K28 1k
{8 FF 2448 K2 APL .., % ICH 14 52 i 249 K B 58, 1
APL,, PR e K o TCD I3t 8 H1 2% 5 50052 W vE 7
JE BhIk G A B shJE Y DRE R P S £
#0520, T AAE S TCD 2800 4 i N R i, B 2%
P A AR B, L e e (A e AN A T
IGHIE RG22, W E S B AV AVs AVd A EAL
Fetk o BEFEIV IR, PR WO A P G AU b )
A APT AL IE T P32 0 0 1 R SR 22, B AN (o K.
AW o B R COX R B ROC 4087 & B, APL,,
AERE TN TCH ) & A= XU, J 3 APL,, AR 0.1 4 3
A7, KA TICH YRR 8 71%., FLFH T30 ICH & 4R 1Y
FRTE M 0.148 (HUBPE 80.00% , H: 54 90.80% ), Hi/K
fe A A8 F50 i 47 A ARG T 1, 7 3 2 A5 fk S5 APT,, 7T LA
A A VRS M T B S R S & A ICH .

gi I fradk , i F TCD Wi I AP, AT TR
B PEPEAY 5405 )5 TCH 8 % A2 XU , Ay lfe PR 3k T4~
A 0 A B T 506 03 5 TCH B & AR B AR T 5
% o ARWFFEH APL,, 1R AR BR T 1 & e i 2218
F14) P A 482 475 KB, ELASE 5% B It () S L R AR B0 4
D WEIE S R T RRAEAE R T o R LR 2l  KEEA
ot —25 583 .

Sk

(1] HhAEBEE AP o S P T RE MELL, h B BRI D 2 22 7y
BHEE G322 TR Ll 22 51 2 DR A 3 o 1 e S5 9
7 IR ] e B2, 2018, 98(45) :3643-3652.

(2] S, — g A UG SN AR S S8 S UG
KAMWETL )] SR, 2018,34(2) : 119-123.

(3] FEAE. AR MUK O R 2 W MRIS CT SR 03 2 SRS
[J]. AR W5 5 B2 M, 2020,4(10) : 90-91.

[4] Kristiansson H, Nissborg E, Bartek J Jr, et al. Measuring elevated
intracranial pressure through noninvasive methods: a review of the
literature[ J ]. ] Neurosurg Anesthesiol ,2013,25(4):372-385.

[5] Cardim D, Robba C, Bohdanowicz M, et al. Non—invasive monitoring
of intracranial pressure using transcranial Doppler ultrasonography :
is it possible?[ J |.Neurocrit Care,2016,25(3) :473-491.

[6] Czosnyka M, Pickard JD.Monitoring and interpretation of intracranial
pressure[ J .J Neurol Neurosurg Psychiatry,2004,75(6) : 813-821.

[7] Marmarou A, Signoretti S, Fatouros PP, et al. Predominance of
cellular edema in traumatic brain swelling in patients with severe
head injuries[ ] ].J Neurosurg, 2006, 104(5) : 720-730.

[8] T 5%y (TCD) JCA B A He i I He A T B i 452 4% o
PRI PR HIBFSE (D 1T - VTR %, 2015.

[9] Cardim D, Robba C, Donnelly J, et al. Prospective study on
noninvasive assessment of intracranial pressure in traumatic brain—
injured patients: comparison of four methods [J].J Neurotrauma,

2016,33(8):792-802.



It AR B2 ki 2021 4F 2 A58 23 %55 2] J Clin Ultrasound in Med, February 2021, Vol.23,No.2 « 109 -

[10] Winkler EA, Minter D, Yue JK, et al. Cerebral edema in traumatic
brain injury : pathophysiology and prospective therapeutic targets| ] ].
Neurosurg Clin N Am,2016,27(4) :473-488.

(1] SR EHEE , S . AR 5 i P s W 00 A 1 372 30 g 27 PR Ak [T ],
o E S RN, 2017,37(8) : 686-689.
Yk H 41 :2020-07-10)

- JH 15 FR ia -

Echocardiographic diagnosis of aortic valve aneurysm complicated with
perforation:a case report
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