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Progress in the application of intracranial pressure monitoring and cerebral oxygen monitoring in traumatic brain injury

LIANG Yun—heng, ZHUO Sheng—hua, YANG Liang—wang, YANG Kun. Department of Neurosurgery, The First Affiliated Hospital of
Hainan Medical College, Haikou 570102, China

[Abstract] Traumatic brain injury (TBI) has high rates of incidence, disability, and mortality. The prognosis of TBI patients is
significantly influenced by secondary intracranial hypertension, as well as cerebral ischemia and hypoxia. Compared to sole intracranial
pressure (ICP) monitoring, the combination of ICP and cerebral oxygen monitoring can provide a more comprehensive evaluation of
cerebral blood perfusion and tissue oxygenation. This combined approach offers a timely and accurate basis for correcting imbalances in
cerebral oxygen metabolism in TBI patients. This article briefly describes the mechanisms underlying increased ICP, as well as
secondary cerebral ischemia and hypoxia resulting from TBI. Additionally, it will review recent advancements in both ICP monitoring
and cerebral oxygen monitoring, whether used alone or in combination, for the diagnosis and treatment of TBI patients, in order to
provide valuable insights for clinical diagnosis, treatment, and multimodal neurological monitoring research for TBI patients.

[Key words] Traumatic brain injury; Intracranial pressure monitoring; Cerebral oxygen monitoring; Multimodal monitoring

Fi figi 45 495 (traumatic brain injury, TBI) J&#1 28 4 . e —
FRM LA A T R RSl ok 2B |0 e | CP BB X SRR )
NGRET R ™ HE ) 28 5 (4R, SN s (intracranial A, R R R 52 % ) i, 3 S R
pressure, ICP)iT%ZUﬁﬁJ%#% TBLA UL I ACAE T A 00 R A S B 52 A A e A PR A RS 54
JEE SR AU o G PR L, BRI ICP AN R DX 50025 A 248 L DAL PR T8 24 LB 8 - 2 ) S iR
PLog4s T fi TBI%J\E"J?’% I A1 B A= B AR Y | T A T FH 9 A 6 B Ny -5 S5O 2H 2R 4k e PR 3, Ak

S D RE VP A ZH R B4R 00, M 4ER N BRICP Thsy K i | BE A o B H U B R )
O A AR A R AL 2 UL A A, BEORAD ICP I A RS A SRR, TR R A AR, 42N
TE AR SORE T AR TBLAK A 1CP 1 155 R ik 1L k4 TR Z GO PR ICP 4EHF7E— e JuF N,
AORIL R , BRI A TCP Wi R i 4 s I 78 BT A M AR GE 2 98 B B 3 R (cerebral perfusion
Y7 R B A R F B SR R AT 2Rk, I pressure, CPP) S F i 04 IV 36 o 2 7 s P9 25 4
TBL 5 A B I K 12 36 K df & 2 8538 15 CHITZEL 2L G 10 980 B i 1 ) ) e — o 26 4 ) 284 o
(multimodality monitoring, MMM )55 & 2% | b HA A 3 AR RE T, BN B AR A i
) o 2 AR Cln i py e I iR s F 0 B, 1CP 2%
v o TBLS i A B KM [ FR 9815 28 40 i It
doi:10.13798/j.issn.1009-153X.2024.01.014 @A%ﬁ%@{%ﬁi 022 2 4 15 P ok A 4 2R K
FEAT A F5 A RRIE R4S (82060456 ) 5 14 BHG T HE4 & e i, [ S B ICP B Forb | IR T R4k % 1 1CP Tt
JTH (ZDYF2022SHFZ088 )
M Mg 570102 96 11 5 7 S 27 5 05— IR P B i 289V B R 5 Wﬁgigﬁi.[ °
B S EREE A W) i 5k 45 ICP 1Y T B UIAH G .- CPP 2R i 1.
WIEF % E-mail: chbyk1379@163.com 7t 12 (cerebral blood flow, CBF) , Ifiif CPP 3% V-3 5 ik



FR I A 2 AR 2 2024 4F 1 H 5529 %55 13 Chin J Clin Neurosurg, January 2024, Vol. 29, No. 1

- 55 -

J% (mean arterial pressure, MAP) F1 ICP At [7] & 77 ,
KZR K CPP=MAP-ICP, IE#1EH T, B ICP 1)
B, AL AT g 4G e SR B R MAP, DL 4E
FRfa g () CPP, X4 ICP F i i MAP £ RE T
B, CPP Y23 T B, filf CBF IR B T B, DT 53K
O L P Tz kD i R Ak = RS, TBI 2k e
00 3k A G 1T A 1 TR VR A T R A2 b | I A R
T A 0y B e 50 B A A ff 5 4 2 S
RN R i — 2D E R R 1 Ak ZH 2R 1 b
AT CPP T R 114 S5 7 23 15 | 7S 4 B it = AR i
Bk, AT R R PR A0 A i B R it e AR
R, #E— 3 ICP 44 CBF R &Y,

2 ICP isil

2.1 1ICP B M B AR 1CP Wi +7 A5 A A 1CP W i
FICRIICP Wi . H Al FHaA Q) 1CP Wi 325
i 2 451 i (external ventricular drain, EVD) 14 322 3
HINEB . 3 A% T W 0 A1 52 5t N 4 BE %% (ICP micro—
transducer, ICPM) Wil . HH T, EVD 42 /M & 1%
TR W B R v BRI, 3k e Sy i e DA A
TCP Wil A 4 vl 117 L, EVD 25 137 Bk 45 V8 1) o
F-BL T LA, SRR W VR AR I IR 8k Y,
F B SR A T R A B ZE, T AR S A Y I A
Y IE KOREA e, H H AN RE 25 A R
FEMS 2 50, 1CPM W IR LA 80 i o A x4
SkFYCEF B AGAR K PR, SR 2 4 VE BT JRe Al
U)K A BRI St s A T R Sk SR AN BE T
B E I ELE B R HERS  eRe a5 — e R
(ImFS , SRR 22T, TCR] ICP Wi A 45 48 i 22
SRR T AL A 2 AR I R 7 A T A
AR, EZLE X 1CP AR {51 Ay 1] 42 3 SR E A 7 sl
W H R, AT IC S ERA AN S B e B T B T
SEPEICP WEI . 24717, JoA] 1CP Wil -F- 5 in ik 41
Bt BT A 3 A, LA KA Ry 5474 B LCP Wil g 1Al
T,

2.2 ICP %M £ TBI ¥ 49 & A HFFLE ICP W H AR
N TR LK, ICP Wil 2 5%k TBLIZfd it Hh—
T T A AR Wy 5 A 2 MMM 8 A2 W
FB R T Gemk o8 Uk 4l UuE B =X TBT g A 15
JE SENA , {H ICP WA SR 2 TBI WP HoAS mT sk 1)
— 430, TCP W i R A (A A T ] R R
PR E AR Ak, F8 I IRIAYT s EVD Rl 5 | I il
BWMAE ] 1CP 34 & () F B, fE1CP 2 b
B A R A DGR B, TCP W AT S R TCP

(AR AR 50 B 3 o P RR BE , R I IR R i S A T R A5
SERGAT T BLRRYT T IR R ; R, LICP W
DR i 5 4k % 1CP 3 =g AN YR YT FH 24, se Ak
WA 25, i D 2k B B s N U
AN, WE ICP AT H T 1My CPP.CBF, —3% 5 MAP,
1CP i 1l 78 B 45 5 2% %6 DI AE G, 76 W 1CP A )
AW MAP, 345 CPP {5 8., X By i e 1 k4 FR
GRS

1CP 34 %5 5 TBUE A B9 SER BT R U5
A, HIL, fEAM RVFIE LT, A TBI R #E47
ICP Wi, o H 24k & 1CP 38 5 1 A, 56 [ 4 =
ol 754 gt i 153 473 SR 48 e VA A AT RO
AU TBI(E 735 GCSPES> 3~8 43 ) Fll CT F948 53-8 o
N RE W TCP; XF F CT 49 4 JC BH 12 55 %% fd |2 7Y
TBI, 27 A B i i /2 LR A B UL b2, g A7
1CP W5 - A #5>40 %7, BRI Sl 0 B A2 Bl B A, 1A
47 <90 mmHg", W Tk = 70 /2 MRS S8, X —
T8 I SIEAS A5 B 565 DU RS R A9 S 3, 26 DU RS e
A 1CP W B 45 B35 S E B TBLAIRYT , LA
RAEFT SRR — R ST RS 2R B L ICP
I 5 5 780 TBI A B PN 48 25 LA B FiAE W 37 2 s oK
FICA N, HAeHTnyfe m s AR 22 , 232 1CP I
D N ) A A7 R D) R 4 SRR A B 3 ok, JF H
TCP Wi mT 85 3500 22 1) 5 2 e AR E= e 9 R 1) A
SRBGTNS, Z A TCP W WX 45 JRy 11 5% i 45 98 02—
AU S, (H T BEAE A A 5 ) F LCP Wi
X TBUI N A A7 3 K R B 25 Jmy A Pr e s,

3 L

3.0 s BRSPS S DU H L) T
FBAT G 2H 21 % 43 7R (brain tissue partial pressure
of oxygen, PbtO,) . 3 Ik Ifil 01 F1E (jugular venous
oxygen saturation, Sjv0,) . iff ZL #F i (near—infrared
spectroscopy , NIRS ) W5 X 35§, Fikj 2H 22 48018 01 JE (re-
gional cerebral oxygen saturation, 1ScQ,)"”, H: 7 iz %
JLHY TR B0 2 i S K I PO, , H R FRA: 2
PR M 0 P DX /N, R e L ) 30007 AR T
PR B TERR AL &, IF HARSK BUAFLE AT BESZ A PbtO, X
TRIT TR R SjvO, Wa 238 i 42 A PE T BT
e Sl | F DK I S AR AN, PPAG R AN M 4 1l AR
7, ek AR R ik 48 (5 B, NIRS Wil & — Ak
fRe A AT 3 5 i M0y S Pk S AR R ) O R, R
B SPE T 1Sc O B 32 i A1 LI B AR /e JEEE
MR BT 55 X R BRI 5 5 40, 76 TBIR A, 2



NI R 22 B A%k 2024 4F 1 H 2529 4855 18] Chin J Clin Neurosurg, January 2024, Vol. 29, No. 1

Ak B 1 RG4S T B U ik SR i o ]
SZI0] NTRS FR) W I 25 2R
3.2 fEA MM A TBI P a9 B W AR B T
T TBLJG IS BE R i% . TBI G , A B AR ek
A AR D R AR ST ARSE I, 2E— 20 e ik A
P, T E NS ™, A2 A W RS
RESLOL I vER HOTAS I ZUIRES A 5 1CP
FHEG , PhtO, 7] GE S50 A T B ELHEAH O™, SEEES
V1 i 2 P 7 RO 4 B )45 H < Pbt0,<29 mmHg
& TBLY A BT XUBS: 34 10 9 — Gk , DL & PhtO<
15 mmHg A K45 J5 i = ZaEHE" . I 4F i o5
7N, 7E TBUE A, PhtO. 5| 097 415 1ICP 1A L
ki R 4 £ HH I U e AR R BRI, DR TS B A
N (ER TR0 2 3 = MV &y [l R T 1 O [
LI UF LA B HER 1

H AT, B A W0 SR A A 7 YA AR AN A
3 (R S AN, AR A5 20 2 A SR UE , JLRR Wi
AR R, A HE TR I R AE A FUA AT 3R
P A B AR R A &, R R TE— L5t
JE = AH TBI &5 AR 2 A H X, NIRS MEifE A
— B A JC B AT 3% 2 W e Se O, Y T,
HeA T BERRCA B PhiO, Wi 5 7 2, AT 4 ket ok
i 2 M W FH T TBLR A B2 7" B rSc O, (i 1
B P AN S FHPEATI A AR i, — Se i 58 L A5 H T A
REER" 1 G A A R R R BR T AR AR Z
6] 4 22 5241, PhiO, A1 NTRS K63 45 5 22 6] () L% Lo
BRI BE 20 TBIS M 2H 2L RIS 0 BT AR

4 |CPEXA s taill I R A

TBI 4k % 1CP 3 1 J2 i it 4802 5% Wi g A 19 114
PIREENZE, B ICP WA 2 LS4 T
fife TBLIps N B35 15 A8 Ak, IR R 72 A TCP T i A/l
CPP AR DL i AL AT REAFTE M B A, Bl S
A 1CP RS, I A A E ] AR FFIE H Y, B
A8 5 TBLE s AN 1M 487 F 3 9845 D) e A2 458 2 il 4
P AA DG, AR TCP 3 55 5 A A I 3t
TE Bl A B BUE™ . Boost— T BEHLXT IR 56 2
AH, 5 BB TCP A EL , B W PhtO, 5 1CP ] [
IR TBL A H AL, RAF A R 5 25 )7 A
FSIA R, SERUERY ICP WE 5| SR P M EL  ICP 5
PhtO,IBE Wi (19 77 ¥k 5 TBIY A BB 4 i T A1 5
fEBEAFIE R A K, 78 JLE TBL Y, 5{03%5Z 1CP
W )95 AAH L, ICP XA PhO, Wi ()95 A% 1ICU
A Bt B ) AL Al B O 2 P 5 0 e () J8 34 o, 4L

FRAER TR, X BOAFST 45 R P BT M EIBIT T R
FIPREE A HE T A W i 1 — 2 B RIS < PR A 5
B g A TBI IR 2 SRS B 1 UEE , 7EBE A ICP
1 PhtO, W0 B B 1 7 3 2 i v T I R A
AN = A B 7E JE AT 59 BE LI R 38 %2 (Bonanza,
ACTRN12619001328167; Boost— 3, NCT03754114;
Oxy-TC, NCT02754063) , lifE— L34 Pbht0. 5] T
IRYTXT TBLRE A TS 52, - $2 448 PhrO, 3R A5 ICP
W 52 25 5 1 — ESEY . A, IR,
ICP B A JC A 1Sc0, Wi I 48 3R 7 A &4 45 Jd 71 Y
TBI g A B A BE B 8] B2 W 47 % A8 Be B 8] | R A
FEHR R TGS (B 2 RAEA 2
(I AR IR A T I

AW FEIE S 8 TCP . PhtO, B iR 805 A 4 AR W
M4 3 TBU N HIRYT 1 FLIR/ PR A IR LU 248 508
9T 55 B0 IT 45 A, N BRI 4] 1E 1CP (41 1CP>20
mmHg, BITA S 1CP 34 &) , 29448 CPP (411 Pht0,<20
mmHg, B EUE R WO LSR5 | IOBEE & 2
10 mmol/L ( 41 2 i%i 2H 21 ) %5 4% <1.0 mmol/L, RIIAN
PR AR MUBEAE ), A0SR 8 A7 J5 995 A 1) FL IR/ TN T
[irga SO ZEE X EZ N | oL PN ¥ S = TR % NI
BEERG2 ORI i T BB 2 FE T KW A 5T 158 rp gk
PR AT SRR ZE AL AT R R — A I E AR TR
VIE

S22 TCP W I R iy S e )2 >4 iy R Y e
W 7y =, SR RS MMM J 20 RSy B
- BT T 18 52 e AT A7 AE AN 2 M, 196 P
AW I B5 1CP WS IAE I R A IR AR R 2
Qb AR A B T 1B T W i A B R R A, B
Z e 5 HA I G N . YT BESY
71 ICP K4 PhtO, WA B T 80 TBLW AR TS
FEARIE SE 2, (EATD 5  70 2 A S T4 SR A R
AAIRTT e IF iz ) A . W AR T
T, B SRS B W A B R P AR R A i, (FAR AT
PRVE R FERE A i R AE U, G 2RI BIHRAE
A REA I AAE B A A A8 5 T NIRS B2 28 i 225 )
P ST A W AR 1) e JE s A Ak e B A5t
i A2 I 55 TCP W, 3 Bl R 28 MMM Y & 8, X8
S NARAE T TN 2e S S EL AT SR AT TR

(&% 3]

[1] DEWAN M C, RATTANI A, GUPTA S, et al. Estimating the global

incidence of traumatic brain injury [J]. J Neurosurg, 2018, 130(4):



R I R 2B 4%k 2024 4 1 A 85294855 1] Chin J Clin Neurosurg, January 2024, Vol. 29, No. 1

- 57 -

1080-1097.

[2] KAUR P, SHARMA S. Recent advances in pathophysiology of trau—
matic brain injury [J]. Curr Neuropharmacol, 2018, 16(8): 1224—
1238.

[3] HAWRYLUK G W J, CITERIO G, HUTCHINSON P, et al. Intracra—
nial pressure: current perspectives on physiology and monitoring [J].
Intensive Care Med, 2022, 48(10): 1471-1481.

[4] DATTILO M. Noninvasive methods to monitor intracranial pressure
[J]. Curr Opin Neurol, 2023, 36(1): 1-9.

[5] ZENG J, TONG W, ZHENG P. Decreased risk of acute kidney injury
with intracranial pressure monitoring in patients with moderate or
severe brain injury [J]. J Neurosurg, 2013, 119(5): 1228-1232.

[6] BRATTON S L, CHESTNUT R M, GHAJAR J, et al. Guidelines for
the management of severe traumatic brain injury. VI. Indications for
intracranial pressure monitoring [J]. J Neurotrauma, 2007, 24(1):
37-44.

[7] CARNEY N, TOTTEN A, O'REILLY C, et al. Guidelines for the
management of severe traumatic brain injury, fourth edition [J].
Neurosurgery, 2017, 80(1): 6-15.

[8] AIOLFI A, BENJAMIN E, KHOR D, et al. Brain trauma foundation
guidelines for intracranial pressure monitoring: compliance and
effect on outcome [J]. World J Surg, 2017, 41(6): 1543—-1549.

[9] PICCININI A, LEWIS M, BENJAMIN E, et al. Intracranial pressure
monitoring in severe traumatic brain injuries: a closer look at level
1 trauma centers in the United States [J]. Injury, 2017, 48(9): 1944~
1950.

[10] CASTAO-LEON AM, GOMEZ PA, JIMENEZ-ROLDAN L, et al.
Intracranial pressure monitoring in patients with severe traumatic
brain injury: extension of the recommendations and the effect on
outcome by propensity score matching [J]. Neurosurgery, 2022, 91
(3): 437-449.

[11] CHEN M, WU H, LI Z, et al. Intracranial pressure monitoring assis—
ted management associated with favorable outcomes in moderate
traumatic brain injury patients with a GCS of 9-11 [J]. J Clin Med,
2022, 11(22): 6661.

[12] YANG M T. Multimodal neurocritical monitoring [J]. Biomed J,
2020, 43(3): 226-230.

[13] BARUD M, DABROWSKI W, SIWICKA-GIEROBA D, et al. Use—
fulness of cerebral oximetry in TBI by NIRS [J]. J Clin Med, 2021,
10(13): 2938.

[14] TARAN S, PELOSI P, ROBBA C. Optimizing oxygen delivery to the
injured brain [J]. Curr Opin Crit Care, 2022, 28(2): 145-156.

[15] GOUVeA BOGOSSIAN E, DIOSDADO A, BARRIT S, et al. The im—

pact of invasive brain oxygen pressure guided therapy on the out-
come of patients with traumatic brain injury: a systematic review
and meta—analysis [J]. Neurocrit Care, 2022, 37(3): 779-789.

[16] GODOY DA, RUBIANO AM, PARANHOS J, et al. Avoiding brain
hypoxia in severe traumatic brain injury in settings with limited
resources——a pathophysiological guide [J]. J Crit Care, 2023, 75( 6):
154260.

[17] FORCIONE M, GANAU M, PRISCO L, et al. Mismatch between
tissue partial oxygen pressure and near—infrared spectroscopy neu—
romonitoring of tissue respiration in acute brain trauma: the rationa—
le for implementing a multimodal monitoring strategy [J]. Int J Mol
Sei, 2021, 22(3): 1122.

[18] DELLAZIZZO L, DEMERS SP, CHARBONNEY E, et al. Minimal
PaO, threshold after traumatic brain injury and clinical utility of a
novel brain oxygenation ratio [J]. ] Neurosurg, 2018, 131(5): 1-9.

[19] OKONKWO DO, SHUTTER LA, MOORE C, et al. Brain oxygen
optimization in severe traumatic brain injury phase-II: a phase II
randomized trial [J]. Crit Care Med, 2017, 45(11): 1907-1914.

[20] KOMISAROW JM, TORO C, CURLEY J, et al. Utilization of brain
tissue oxygenation monitoring and association with mortality follow—
ing severe traumatic brain injury [J]. Neurocrit Care, 2022, 36(2):
350-356.

[21] LANG SS, KUMAR NK, ZHAO C, et al. Invasive brain tissue oxygen
and intracranial pressure (ICP) monitoring versus [CP—only monito—
ring in pediatric severe traumatic brain injury [J]. J Neurosurg
Pediatr, 2022, 30(2): 239-249.

[22] CHESNUT R, AGUILERA S, BUKI A, et al. A management algori—
thm for adult patients with both brain oxygen and intracranial pres—
sure monitoring: the Seattle International Severe Traumatic Brain
Injury Consensus Conference (SIBICC) [J]. Intensive Care Med,
2020, 46(5): 919-929.

(23] £ Ab, sRImE , A, S Sl P IR G ik S R

I 1A S e 362 A S 28 F IR 03 o A 00 FHD. e R 22 5B
,2021,18(6) : 648-652.
WANG Z, ZHANG R, HAN Z, et al. Application of dynamic intra—
cranial pressure monitoring combined with cerebral oxygen satura—
tion monitoring in target oriented treatment for severe traumatic
brain injury [J]. J Clin Neurosurg, 2021, 18(6): 648-652.

[24] KHELLAF A, GARCIA NM, TAJSIC T, et al. Focally administered
succinate improves cerebral metabolism in traumatic brain injury
patients with mitochondrial dysfunction [J]. J Cereb Blood Flow
Metab, 2022, 42(1): 39-55.

(2023-05-23 it ,2023-12-21 {10l



