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The correlation between optic nerve sheath diameter and traumatic intracranial pressure

in patients with severe neurological disease
WANG Binbin, YUE Zhen"
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[Abstract] Objective: To establish an effective method for predicting intracranial pressure (ICP)by measuring optic sheath diameter
(ONSD) using ultrasonography. Methods: 52 patients with severe neurological conditions were continuously monitored for
postoperative invasive ICP. The mean diameter of the optic nerve sheath in vertical and horizontal directions was measured by
transorbital ultrasound. The diagnostic efficacy of ONSD in intracranial hypertension was analyzed by receiver operating characteristic
(ROC) curve, and the sensitivity and specificity of the method were evaluated. Results: The mean binocular ONSD (5.27+0.47) mm
was well correlated with invasive ICP(11.77+6.18)mmHg in all patients (r=0.79, P < 0.01). ROC curve showed that the ONSD cutoff
for detecting intracranial hypertension (ICP=20 mmHg) was 5.625 mm, with a sensitivity of 74.3% and a specificity of 90.4% .
Meanwhile, the ONSD cutoff corresponding to ICP 5,10, 15 and 25 mmHg were 5.175,5.325,5.375 and 5.825 mm. Conclusions:
Bedside ultrasound measurements of ONSD through orbit can determine changes of ICP, especially in the case of invasive ICP or
limited imaging examinatior in patients with severe neurological conditions . The ICP can be evaluated dynamically, quickly and non-
invasively, which has significant clinical application value and is worthy of promotion.
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Table 1 General clinical features and ONSD examination

of patients
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Figure 2 Correlation between ONSD and invasive ICP

mmHg 119 5 3 ONSD it {8 4 5.625 mm ( 7 B
74.3% , 55 90.4% , FHAE A 53.1% , BA 4 Fi i
H96%) . [R5 T ICP{H 4 5.10.15.25 mmHg
XTI %) ONSD Il 5418, WL 3% 2. 47 6] ICP 7E 5~25
mmHg 2 [i] Bf ONSD 1 12 W 2 fE K 47 (AUC N
0.863~0.991), ONSD AJ LI/E R TCA 1CP W iy %L
T H. ONSD=5.875 mm #&/~ A fil] ICP=25 mmHg [
R K 5 B3R, AUC=0.991

303 i

TCP 348 = 5 UL I H . P A5 P P J e |
I L6595 R ek 98 45 o s, 1T 5 1l ™ AN R R
Ho PR ERE W B IGA 10 2 Sk S B AE ik 4
1 B, b eI Mk TCP 34 5 (ICP>20 mmHg) , .
B WEIR I7 AN 22 8000 HL B 24 15 20% , 5 FE % 5 ik
80%~100%""*"" o Fii PN /&5 i AT A6 L TR AR JE A9 15 O
T kA IE A IR MEVAE ICP . A7 BF9E R PR, FLA
KT 1CP 38 w5 - S s A 3T 10, mT DAYs /b 8 1

1.0

0.8+

0.6+

R

0.4+

0.2

AUC=0.908

0- T T T T
0 0.2 0.4 0.6 0.8 1.0
1R
E3 KA ONSDiIZHTICP# ROC Hi £k
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Table 2 Relationship between invasive ICP and mean ONSD critical value in both eyes
ICP(mmHg)  ONSD(mm)  REUE(%) $pFE(%)  BHMEBIE(%)  BITEBEIE (%) AUC(95%CI)

5 5.175 60.5 100.0 100.0 14.3 0.863(0.802~0.924)
10 5.325 85.5 67.9 80.2 75.5 0.851(0.806~0.896)
15 5.375 86.7 78.0 59.6 94.0 0.887(0.844~0.930)
20 5.625 74.3 90.4 53.1 96.0 0.908(0.848~0.968)
25 5.875 88.9 95.5 40.0 99.6 0.991(0.979~1.000)

L, B TIRER 46 50 S ICUIRIF IR, BB,
M RFEHUS Y H RS ICP Wi i 7 e A
TG ICP Wal o A 61 TCP W I 4 45 O 2 o] i
5| R 7 W AR P e g A e R N 4
FEN R ON R Yo IR Y& K=o EP S i S
XU , Johnson 25 TE A G ICP 1) 3 & i & A 2R
ik 32.8% . JoA] 1CP Wil 4 45 28 1 235 8 L IOl
PLBE 75 K HL L | 2R MR HIE 22385 4y s 45, b 22 R HEE
220 R RS DR o PREE L 2R KR AT
PRSI, AR R TE B TCP Wa i iy #8202 A HF
¥R B 20 HE 75 - ONSD 5 1] Wi 1CP %2,
3B~ ONSD 5 ICP /% A0 & DL & 3R 97 i # v
ONSD FIICP H8hA&28 1k, 45 R F sh S PEAb 1 .

AT K BAHR ONSD BEA5 22 5+, AR ONSD Ay
AR B35 (,=0.938, P<0.01) , 5 3 3 STk — 30,
TE 2 BRI VAR B B AEAE  JR s g e It ST A
TP T A s T e ok O S e A S B 4
T , 1177 [ 552 0 U0 ONSD, [A 1, ONSD ] 7 — 5
FREE T B ICP KA {H R — SR 2 fE
#| ONSD, It AYEHEFT ONSD B i, ZEHERS: 4 AR BR
Bt IR 7 AR B R BT A S
i IR A S I 46

Z UE oY e WA 75 0 i ONSD S5 4] ICP A R
TF B AR CPE ) F AR 78 Bl L B 5T Ik
ST, DR 558 P A 2 i U A% ONSD 545 81 1CP s 47
B4 i 1CP AH G PE# (r=0.802) o ICP 3 /& 41
ONSD -4 B 42 B &2 /5 T ICP 1IE# 4153 (P < 0.01) .
5T R B A5 L2 ONSD ) W ICP 48 = k) fe A 1
FRA2 mm, REUE N 86.1% , K557 E M 92.9% ., %
FIWEFEHE ONSD J& i £ 175 - 3 AN R 100 14k ST
TR 2R, AT LR S0 1 i e 1 R4S ON-
SD FICP Z [a] 4 75 b 2 AH G | (H 2 78 fi il 1CP>
20 mmHg ] ONSD Il 5B 7 T, &R A G —. B
i Z2 58 22 B, ONSD F 5 1 lfe LA 3h 75 4.5~
6.6 mm > W RE 5 AN GG A AN (R R AR AL
BH R R DA A AR 22 5 . Al

AR ICP AL EHCE ALV IFHERA)E 5 dINEY
ICP St , T LS IS 3O S A5 TCP 722
fbo ABFFEEE R R, ONSD 5 ICP A LA 3 (r=
0.79,P<0.01) , X F ] ONSD ZE{L BB S e ICP fy ek
A8, AT AR B 1CP W, 7 JE 1 ICP el ) 8
BT, 4 ICP=20 mmHg i}, {3 ONSD Il S N
5.625 mm, AUC 47 0.908 , 1% (I HAT 45 i A s T
XrRETT o S RTIAIT TS 45 2R LA, A WF 5T ONSD
(L fid 55 , AT RE S 7RI f L 2R I, 28 L 22
2y i K JZ T RE B VHE A 0 A e 2 A ) B R B
o RIS T8 E N [R) ICP R (1 ONSD fE, if 3155
T ICP7E5.10.15 F1 25 mmHg i} ONSD F Il 51 43
5495.175.5.325.,5.375.5.875 mm, £ R 5IR Y 1CP
FEIEF L FI, ONSD 12 IEMISC A9 AL a3, Sy 7
AT B T ICP I iRt 2 5%
{FINI=IS

AW FEATHIR BAT R BRAE , 1 Se e b J5 T, A
ZNT IRt R 0 S R OB e B ik
BE JTUAN IR S5 AR SO R . BRI B W)
B P2l SR AH (] A BE AR PRARAY , IS B0
LB REE Ja) , (B AN RIS AS B (R i e 2% i
TEW o HR ABEFEREA AR B TEAR R AT
ARG 2 D T AR B RTREPE TS
A UEAS B TE SR

Zx B RTR RS R 22 IR E P 4 ONSD W] LAAY
KA ICP A2 Ak , JEHOX o 28 HRE S8 5 AN (A T
AR ICP MR B G R A R OO T, AT LAZHZS (R
FE QLI ONSD PFAH ICP, HLAT (835 Y I N
PR, (ELATET
(S 30k ]
[1] AKERLUND C A,DONNELLY J,ZEILER F A, et al. Im-

pact of duration and magnitude of raised intracranial pres-

sure on outcome after severe traumatic brain injury: a

CENTER-TBI high-resolution group study[J]. PLoS One,

2020,15(12) : 0243427
[2] CHESNUT R M, AGUILERA S, BUKI A, et al. Perceived



- 1698 - [

E SN

¥ R

A3 EE 121
20234F 12 A

(3]

[4]

(7]

(9]

[10]

[11]

[12]

[13]

[14]

utility of intracranial pressure monitoring in traumatic
brain injury: a seattle international brain injury consensus
conference consensus - based analysis and recommenda-
tions[ J]. Neurosurgery, 2023, 93(2):399-408
KRISHNAMOORTHY V, KOMISAROW J M, LASKOW-
ITZ D T, et al. Multiorgan dysfunction after severe trau-
matic brain injury: epidemiology, mechanisms, and clini-
cal management[ﬂ. Chest,2021,160(3) :956-964
FERNANDO S M, TRAN A, CHENG W, et al. Diagnosis
of elevated intracranial pressure in critically ill adults:
systematic review and meta-analysis [J].BMJ,2019,366:
14225

Hh ] BRI P 2l 22 SRR 232 , 2 ) % 5X
Ze b2z, op [ U 0 N T M I 3L ). rp AR
PhzehM R, 2011,27(10) : 1073-1074

SACCO T L,DAVIS J G. Management of intracranial pres-
sure part I1: nonpharmacologic interventions [ J]. Dimens
Crit Care Nurs,2019,38(2):61-69

CZOSNYKA M, HUTCHINSON P J, BALESTRERI M, et
al. Monitoring and interpretation of intracranial pressure
after head injury [J]. Acta Neurochir Suppl, 2006, 96:
114-118

R SO, AR R TP P T A7 22 SRR T Y
I8 TS LT A el R 28 SR 2, 2020, 25 (1)
54-56

WANG L J,CHEN L M, CHEN Y, et al. Ultrasonography
assessments of optic nerve sheath diameter as a noninva-
sive and dynamic method of detecting changes in intracra-
nial pressure [J]. JAMA Ophthalmol, 2018, 36 (3):250-
256

CHEN L M, WANG L J,HU Y, et al. Ultrasonic measure-
ment of optic nerve sheath diameter: a non-invasive surro-
gate approach for dynamic, real -time evaluation of intra-
cranial pressure [J]. BrJ Ophthalmol, 2019, 103 (4) .
437-441

VIJAY P,LAL B B,SOOD V, et al. Dynamic optic nerve
sheath diameter (ONSD ) guided management of raised in-
tracranial pressure in pediatric acute liver failure [J].
Hepatol Int,2021,15(2):502-509

WANG L J,ZHANG Y, LI C, et al. Ulirasonographic op-
tic nerve sheath diameter as a noninvasive marker for in-
tracranial hypotension [J]. Ther Adv Neurol Disord,
2022,15:17562864211069744

JENJITRANANT P, TUNLAYADECHANONT P, PRA-
CHANUKOOL T, et al. Correlation between optic nerve
sheath diameter measured on imaging with acute patholo-
gies found on computed tomography of trauma patients -
ScienceDirect[ ] ]. Eur J Radiol,, 2020, 125:108875
CARNEY N, TOTTEN AM, O’ REILLY C, et al. Guide-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

lines for the management of severe traumatic brain injury,
fourth edition[ ] ]. Neurosurgery,2017,80(1):6-15
GODOY D A,SUAREZ P D G, MOSCOTE-SALAZAR L
R, et al. Side effects of indomethacin in refractory post-
traumatic intracranial hypertension: a comprehensive
case study and review [J]. Bull Emerg Trauma, 2017, 5
(3):143-151
KINOSHITA K. Traumatic brain injury: pathophysiology
for neurocritical care[ J]. J Intensive Care,2016,4:29
LTRSS T N i< 11 D B d e TP
Parb g i FSE [T ). Bt BE R R 22 4l (A SR B
J2),2017,37(12) : 1636-1637
WU VFSOBE, Rk, AR RS R I X R
w45 03 S E TR AR [ ], F st R R 24k (A
SRRLERR) ,2019,39(12) : 1820-1822
JOHNSON J R,IDRIS Z, ABDULLAH J M, et al. Preva-
lence of shunt dependency and clinical outcome in pa-
tients with massive intraventricular haemorrhage treated
with endoscopic washout and external ventricular drainage
[J]. Malays J Med,2017,24(1) :40-46
HAWRYLUK G W J, CITERIO G, HUTCHINSON P, et
al. Intracranial pressure: current perspectives on physiolo-
gy and monitoring [J]. Intensive Care Med, 2022, 48
(10):1471-1481
MULLER S J,HENKES E, GOUNIS M J, et al. Non-inva-
sive intracranial pressure monitoring [J]. J Clin Med,
2023,12(6):2209
PADAYACHY L C,PADAYACHY V,GRAHAM U, et al.
The relationship between transorbital ultrasound measure-
ment of the optic nerve sheath diameter (ONSD )and inva-
sively measured ICP in children [J]. Childs Nerv Syst,
2016,32(10):1769-1778
WANG L J, YAO Y, FENG L S, et al. Noninvasive and
quantitative intracranial pressure estimation using ultraso-
nographic measurement of optic nerve sheath diameter
[J]. Sci Rep,2017,7:42063
W, 52, sKmRAL, L R U 5 )5
JE 5 22 8 EAR RO AOGPE [T ], B A R R 224l
(ARFIF#AR) ,2018,38(12) : 1778-1780
RS % ZTE E IOL7 S O Vbl VO WA L ELet F =
FRAZ WA fo JAE : Meta 0BT L) ], P E B2 RO
2022,38(10) : 1464-1469
ALETREBY W, ALHARTHY A, BRINDLEY P G, et al.
Optic nerve sheath diameter ultrasound for raised intra-
cranial pressure: a literature review and meta-analysis of
its diagnostic accuracy [J]. J Ultrasound Med, 2022, 41
(3):585-595

(BT 2023-06-23

(AxHiE:FE &



