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Noninvasive intracranial pressure monitoring technology: research progress
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[ Abstract ] The changes in intracranial pressure can timely and accurately indicate the physiological and pathological
changes. Therefore, scientific and reasonable intracranial pressure monitoring can provide an effective basis for the prevention
and treatment of craniocerebral diseases. Two main methods for intracranial pressure monitoring are invasive intracranial
pressure monitoring and noninvasive intracranial pressure monitoring. Invasive intracranial pressure monitoring has been
regarded as the golden standard due to its high accuracy, but its application is limited for its high cost and many complications.
To seek a cheap, reliable, widely applicable intracranial pressure monitoring method with few complications, scientific
researchers and clinical workers have worked hard for various noninvasive intracranial pressure monitoring methods. This
paper briefly reviews the methods, mechanisms, current situation, advantages and disadvantages of related products and
research trends of many noninvasive intracranial pressure monitoring ways developed in recent years.
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potential; two-depth transorbital Doppler ultrasonography; optic nerve sheath diameter; tympanic membrane displacement;

otoacoustic emission

PN (intracranial pressure, ICP ) Wiillxf ¥
BRGNS HT . BT RIT RO R
Ko — MR T RS- RN AR 25 00 522 () ICP Sy
0.7~2.0 kPa, 4 ICP>2.0 kPa i #% ik & 4y ICP 14
w5 ICP M R RN R A0, W ST EIE R, K&
A 5 IR 45 ICP J2 R U YOG B . A tk, ICP
WEm AR EE, AR ICP WA (i 8 ICP Wy

[WFEBH] 2021-03-02
[H£mB]
U’E%‘lsﬂn]

(#EZHH] 2021-04-30

R5E5% , EBE I . E-mail: wmmshuishen@]163.com

[ Acad J Sec Mil Med Univ, 2021, 42(8): 897-902 ]

il ) DAL e i 0 R A i b of, R T by T it A
L EGLESEAEMSC I I RAE, Iz 2 A B
;)ﬁ RS AEINER, A R LR T H R
FAP N, FAk— R, AT BRMY. ATE
Sfdt I JCAY 1CP WA B R 4 il PR T A
e ZIH VIR R . AR SCHEICAN ICP HoAR K e 3

ARBARKT= AL AT TR ZLER A

£ BRI H s L 15 ( HI20191A020094 ). Supported by Key Special Research Project of Military Equipment (HJ20191A020094).

iB{E1E#4 ( Corresponding author ). Tel: 021-81885688, E-mail: meigiyong@smmu.edu.cn



° 898 -

WOEERR 20214E8 H, 2%

1 Fo e s

G 00 3 A A2 T B 007657 PN LS 2 ) 2 RS B e
ICP IR —Fh 7, JHC DR R 3 o 28 i 225 4
7 (transcranial Doppler, TCD ) Wil fipy i ( 40
M Bl KA ) R 3 Bl 2 Bt i AR B S R0
b, RGBT R T o, e KRR
WL ICP A e I AR W Y S 2S8Ryl
I EhiE %L pulsatility index, PT) FIfLHTH EE ( blood
flow velocity, BFV ) . TCD 2 B hiifEiRl
% Aaslid S50 & HORIFR FH TR, 24T A 40
SERYFT L FEIX T 40 419 8RS S A IS
W, JE 5 TCD AR VAL ICP & T i 2
BTN ICP ARk e 3 n] Z2 24508 e |94 ICP 1)
FEASFIERS) . H T TCD A7 1CP Wa il s G 55 I i
TR, WKL T HAERS, i T HREIK
Y5 0, ke T R . SN I AR 2
P RRER KA. HET TCD A ICP H A, 12 i
TR BN E IR . BRI G T RBEDT "
[, 1545 T TCD BAR M ICP EA{E#E | ik
FRVERI A PR WEIN A MR A, AR S
B R I AR 28 57 I S - S AR AR 17 W )
Kbz ™ (ELERETE Y 40 AXAE B9l PR AR
Wri 5T rht &8, TCD i AN REFEHEEHA Y ICP Wi,
L DR N LU B TCP i . T
ZH AW R W, ISR S EE AR —
FEZS 5 B0 — L6 00 K BT TR 22, 3REE T
L 2 02 3D AR A e R 4R
s PR R 28 . BRI ER2E . I AR TR, . AR
b A5 DR 2R T E 25 R i 1ML 37 30 12, DTG
S0 TCD 16 S8 ICP el ep i i o e ah, —
R TCD Mt K g it — 8 fl, BA1E A TR
AV T, E R TCT A S B AR W

2 REEE

2.1  PARALSE# & d 4% ( flash visual evoked potential ,

FVEP ) dsal X #0150 18 A A X IR D' ]
PCRT 5 RS P R e Jo R A A8 Ak, 33X i H A AR Ak
BRIk FVEP, i1t Wil FVEP BT Sz B AR 9 58 1) B
P 5 38 B R AR A 24 ICP PR FE i T 1E H /K F i
(F) FReThmny, AL DIREH F 232 205,

P28 TT S 28 2 s DAL e i it AT 7 A AR B A, 51
ol 228 HL A5 DAL D) B ) 98 3810 A ki ke P v, 6 4% 3
BELHT, BT A FVEP SRR IE (R S8k . J

T E 3, Rosenfeld %5 I\ ICP 5 i #5215 &
HL AR 2 fgm i (BIN2 3k ) BYZEIR IRl B
K&, AW T —FICANAEI ICP Jik: it —
AN EE A 2 R A T A D U N2 5 174 SE 3 s
[, SR J5 X N2 i ZE R B[] 5 ICP {9 6 R R )
A>R15 ICP (. FVEP H AREAERIE ST, KRN
AT, Hol Ve R M My . R, AR
KL TR P G S 0 AR 1 TCP 3y 285 W i K 1)) 2 it
IKZGH IR AR A iR A s R i £
SBEARE CT FHEZEH 3 My il i3 hn 28 5 i e e
gH, AT X BRI ST & Bk 6 CT Wil 45 & FVEP
T TICP Wi e AT P s il fixi 4 524 45 40k % it ek 184
Koo sk R A s T B BIFSEBESE, X
75 £ 4 i FVEP JG A 1ICP Wil 4547 ICP W
g A, ATEE, REME XTI I AR Ak i) H] i K
F—RIT T E TR B FHAEH . FVEP G
B ICP WM LA N2 8 09 AR o 2 BR AR M, T s 2
FRXF N2 AR 0 K N2 I AR U 1% ) S R 38 R
Gt —AnifE,  [R] B RS T A% 3 B AL T 2
G S WA A PR AL R 2 . AR ORI &R 15
Mo CAan™ S B | HRJES M i S A0 3 B P 45 4
EPIRABXT FVEP AF7ER2 ) , N2 FVEP iR 5Z4F
o Asr g FVEP 5 R B BT 32 ZEAE i B
W B T IR IR TAE

22 SURELZIRIE $-E%# F (two-depth transorbital
Doppler, TDTD ) # R TDTD % R i Ragauskas
2 200 3 H T A D R 1D k300 6 R 50 ik ) it
PN R A1 55 B b ) e, R B 3 o — R A1) 20 B )
HIS 2K J] 6L B 26 2t i 7 e, F 3 HIR 3 ik A i ) B
HRAZ BN R B ICP, T fi 2 B 7K 52 2N it i 1)
FE 7, MANE N & 7 4F 7 ICP B, DU AR
B 118 Gt 00 BP0 B T RS T
#. HETE WA T2 AR RO B0 58 #R
HTICP il —Iibse ks 1T —4l 62 fi# 2t
ARG (BEURRR R RN = R 2 & ML
SE ) HE, I A M 2R A DN & ICP, kR
P 75 JL-F- 7T DA 2B AT, AR 2558 2.19 mmHg
(1 mmHg=0.133 kPa ), 8] TDTD HE AN w5 >
FC AW AF 57 22 i 52 T TDTD 4% A 0491 75 /).
Ragauskas 45 2! 75— 7 B ME 27 0 Al 28 50 o
T TDTD £ (85 i ) S8 H A% (optic
nerve sheath diameter, ONSD ) il & ¥ (92 ] )
X ICP ARG IR, & B TDTD £ A%} ICP T 1)
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VWAl SErE . Ak, TDTD FAR BA X8
1) 2 15 K5 B A 58 4 H h Ak A A5, 7E K2 10 min
R AT A EAT AR 42 AE ICP A% 1, dE% Pk, f#
FEUT L SR, TDTD HAR WA HRRME: (1) &
TeiE AT SR B, 3 T R B 0 1
By (2) Kgeppgpop (et s R
AT SR R B 5 (3 ) N A 6 HIR 3 it o
—E MR, XT38 43 i T BT AR AT A
PE; (4) XWFEARFELTTR A, XAE—CE’
Ji 1 BRI T TDTD L3850 i i i >

2.3 ONSDMZk WALl A s ok PO B
BRHR 3 J2 Mo RS 25 A8 AT ok, R AR N 28
22, 5 15 N AR AE SOt L2438, 24 ICP T A
L DA %) I VA T o R A 8 A T AR A 2 ok A
T, DN SO0 R 2285 N [RI B 5K, fif ONSD 42
K. #52Z, BiE FICP JF 7 5 ONSD 8 K FE1E
B A — 20, Lt CT s A & ONSD a] H 18
HICP Ft . 2019 4F 7 MROK 575 — I8 B pif 26 B2
HUL ) — IS %S T ONSD Ml % ICP HE 73
A EEPEARRRCR, 455 BRI ONSD AJ
LI M ICP (4 52 i A5 4k 24 Altayar %2 %t 48 43
BCAES MO R 107 £ o S5 R R, R
ONSD &AMy fi il 153 173 5 5 ICP Fies 1) —F A7 4%
RO F-BE . XFh O AN 2 5y, 38 PR H oy ff,
AR, W20 HE R . Kimberly 25 2% 75 38 4] 4%
ZARANE ICP WY 3% h & 31 ONSD {5 ICP 2
] 77 7E 1 2540 e M. Geeraerts 25 27 1y ] JB 1 BF 5%
PR, 83 MRI Y ONSD il ICP 22 [A] £E 15 i 3%
FITEAISE X 2R . Robba 45 % it 0 BEAEWFST 64T £
GLerik, N Y ICIE AT A B ICP A e, RS
i ONSD A e 1Ak ICP THeEn s e A FH ., 1
TR, AR . MAZE R4 EE, ONSD #4857
P S FORHRAE B 200 RIS e T ARG 6 7 T
FELEAE 5 [RIBHZR AR BRI i RE R — R B —
B, MASREIELEWEI . —I0 meta MR HAS [
FEH ) ONSD fre A FHH 25 F 48K, 2 W7 ICP 14 in
] ONSD Fef s FLAE 28 4 AR R AR >

3 ERKE

3.1 #BAEA (tympanic membrane displacement,
TMD) #H A Wk T i 5 N H-Z a5 i H 5
IR TCP By AR Al A% 326 ) H- i g Sk L, 7k 22 J]

JE 724 B B s 8l AT 5 | RS
A7, XA RS B R TMD 45 A il 3l 031 %
AT AN i TMD 5 | ) B AR ) AR £k,
PR b T DAAE Sl — ] 22 0 1 ICP A9 7 i, B ATIZ
AR FZ R HF ICP T+ i 5 F 2. Samuel
2 20 1y BiF 5 448 L 85 7% TMID 5 R 1] L TCP (1
Ak, REE R 93%, F¢5 BN 100%. Shimbles
2 3 — I 6 T TMD R 543 41 1CP I A5 R
FLas IR oY 45 SR B, B RUK 38 TMD (E-5 4 Qi)
ARSI ICP Z [ FF7E 5 AH G E . 3215 TMD £
AIB 9% T 5 T 12 Bk Sk 2Rz s % il 2z 8h 1
ICP (2 o (RIS ARIFERZ AR, filn
Shimbles % ** 5@ 2 75 135 Bl BUK B . 13 fil R
P PPN e R AT 77 44 fk R AR R R 6 TMD
ARIEATEA, A TMD AR B4R 5 ICP Z A 47 7E
A, (HAZ 03 2 A A St g s, ANREH
FICP (4 m] S Walsted 25 ' BIFE & BRI 10097
TRERT, {dH TMD AR TR 2] ICP /9 T R

3.2 F 7 & 4+ otoacoustic emission, OAE ) 3% K OAE
2 FR P ) o 47 7 i & S e, T DL
— B R % 1 T . OAE 3R B B 8 3F B % 1CP
A A ARBURE S o ELBR PN A B OAE s vh HoA%
KB ANHAA, FAE 1978 4F Kemp 5l FHAK 1 5 2 5
XN 5] OAE S5 AT HoAt AR 42 A Wiy
ICP $¢K, OAE £ AR Tl H H1 2 il (—
UORIER] . —WRIES ] ), I 31 AR5 8 5B R
OAE i AR Fras B & AR . {78, 1y HL
HA RBFNF el 5EM:, X T e 7L 1cp
AR, B Rl DARCA @ B W TCP AR fb ) — MR 4T
HABEIE T, AR ARTEA AR A ) 22 S I e, A
BEAEENT ICP AT RE A& A= A8 A Y F 3 UEA T I
T B AT SR B O b, HRGE T s
1R ZEME SRR DU RS2 iR A e 4, JFHL
SUOCH TR L 18] AR AR fb i 22 55, BT LiZEe AR
BV R —Fp ICP 432505k . OAE $5 A 11 Jay B 14 44
IAEAZ I B B ICP(H Z A AE B R AR ik, DA
Kz Iy ANRe R TR s 2R SR S ik
‘%%[38,41] .

4 HtteNFER

4.1 if 4¢ 4b B (near-infrared spectroscopy,
NIRS) # AR  ITLLAMEXTF A SURAR A
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W gEs e, BeSIEa /M AL s, T HTE
WHRZEAT T Z2 R IR SCRHLSS, ML ZURTH S ot
&5 ¥l A 8NN 5 R A5 D7 i A5 2., 8
A3 BT AR 5 #1947 B AT LA S B 2 2R
PEROREIN > 15925 TUELLAM G2 I F x4
SN ) ST 2 R B 2 S TR P e R BB R, O
LEAMMATCRIGI . ITLLANINBE AR ML 2L A0
JETE AR ARAE W R 25T gl Tz v L 7
oA ICP Wa il 77 T, NIRS AR 32 B2 3 o 0 2 i
T S 28 1 Ry e B A A A ke Ak ik ot 375
i Ay, T v PR AR R LA AR ARG ot 38 AP A 405
PRI | NIRS S0 748 AT LAz e i 4 R T e
(A% 0 4 1997 AF Kampfl 45 ¢ % 8 f5i] 3k /i 41
188 JE4T NIRS KAy, $ i NIRS n] {7 g ICP
Waill . 5Ok Rodriguez %5 7 #5837 NIRS H A I F
g 7K ek 2 A I Y RT AT, B SE T IRE ON
NIRS A5 W0 A 520, [R]AsF A3 A 1 A D e e rh 4 1%
PRI . R S R o7 G T ARG DN ' 38 K Xk
A ARSI R s ) o R ARG DR - L NIRS F2AR N
FH 00t Sy 5 o S r AN B, (RS 12 W7 R DA I
U . Weerakkody 45 ) % 48 £ 18 4k 15 10452
B TCP 12 1 A 56, AHHZH AR X 4315 # ATt = 1)
ICP AR RBESAAIAE -

42 RFAF R E1aRs (optical coherence tomography,
OCT) # AR OCT & — MR AR, W T &5
P L3k 7K i e 0 400 D) JE5 e 25 £F 44 122 ( retinal nerve
fiber layer, RNFL ) JEEE, ICP JI 5 fJ 5 2 RNFL
Jit B " . Borchert il Lambert ™ % 57 T i i} OCT
Il E RNFL J52E2 3 H M HERT ICP B0 vk . (Hizdk
AREIGRIHPEZ 2B S] . (1) 498K ™ &
i, OCT B kAT RS R, ToikifiE RNFL J&FE s
AR (TCIe A2 B TR s st i S Sl A R 22
FARERAEATRE ) 5 (2) PAS/K Y & Azl H AR S,
B 2 B ICP AR S M AR eAh, KT
RNFL J& [ Hl ICP 2 [a] i Y] ¢ £ A4 A B
DKLk B i AN BB B SR FTAT Y ICP Wil v

5 N &

HrE A ZFh 5 dn] T e W ICP, TCD
A FVEP £ AGE HARE) 12, EEH T4 ICP,
IF B AT HE TSI ; TDTD $ AE AR 12,
FEHTARE ICP, (HAGEIEATIES W ; ONSD

HoRWE AR 2, FEHT ICP s 5 &7
2, AREHEAT LI ; TMD $ARTE H] T ALK
s e B, EE T ICP THa 5 R H2r2k,
ANERESEAT IS W ; OAE A I FWr 1 1IEH 11
@R AR, FZHTICP A 5Em4r2E, kT
HESE I s NIRS BEATE FH TG 51 i 453 45 B fiki AR
KEF, FEMTICP Thm 5 ®iysr2e, niktriE
ZEWEI s OCT HARAE TS g TE T EL, 1 AN Ryl
Bl M = Be i Tl R, A P R e, A T B
ANRESEIZEZE MR

FZIEF T ICP WM E AR AN TR A L
9 ICP W, T2 1 A I A0 BE B 2312 F T I e
& B S5 5 h R R AE L, (2 2R BT 4 i
r 4 (Association for the Advancement of Medical
Instrumentation, AAMI ) $§ i, #H X F 12 A =L
W i, J6 6 ICP I & 25 7 7% ICP 0~20 mmHg I}
4 £2 mmHg, ICP>20 mmHg I & +10% & 7J
DAISESZ 190 0 e 1CP WA A EA R A i 3
ICP HIINRE, i ELATINHEE T A 38 Tl T |
2GRS I RE,  HC b I TR A 5 R T A R T
T8 W 2 10 A Wi i AR AR, ol 190 T Ay
PR B 1 5 28 I 07 71T 5 850 e R 7™ B i 2R i 4t 79,
2420 LS AT S Bl Wi e PR e 2 O A FHAICR
LA T R B8 A% 0 45 J8 7 7 s I ICP b )
Wi, A BEASWIEE . FIWRTE . HT s —
ST 7 BRI WARSE . SR B F 2T
B R . DR AT S ShAR  Y ICP
W 5 AT SR I R P 28 B 2 T AR 155 1 7 1)
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