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[ Abstract] Objective To explore the application outcomes of ventricular intracranial pressure (ICP) mo-
nitoring at different ages and explore its role in the treatment of severe brain injury in children. Methods From
June 2017 to March 2022, retrospective review was performed for 26 children with severe brain injury. ICP was

successfully monitored. With a male-to-female ratio of 16 : 10,they had an average age of 1.3 years (37 days
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to 6 years) . Based upon age,they were assigned into two groups of infant aged under 1 year (n=15) and (1 -
6) year (n=11). Ventricular type ICP monitoring electrode ( Codman) was implanted into lateral ventricles
and cerebrospinal fluid (CSF) continuously drained. GCS score ,ICP and CSF drainage were observed at pre-op
and Day 1/3/7/14 post-op. Results The overall mortality rate was 11.5% . Two cases died early post-op and
another one pausing treatment passed away at Day 2 post-discharge. No statistically significant inter-group
difference existed in Glasgow coma scale (GCS) score (P =0.235). The overall ICP was lower in infant group
than that in (1 —6) year group (P =0.09). Drainage volume of CSF was also lower than that in (1 —6) year
group (P <0.001). However, there was no interaction between group and time. Statistical significance existed
in GCS scores at different timepoints within each group (P <0.001 ). GCS scores of infant and (1 —=6) year
groups at pre-op (7.31 £0.85; 6.40 £1.43) <post-op Day 1(9.23 +1.09; 8.50 +£1.84) < post-op Day

3(11.38 £1.19; 10.40 £2.59) < postoperative Day 7 (13.08 +0.95; 12.70 +2.36) < post-op Day 14
(14.38 £0.77; 13.90 +£0.99). Significant statistical differences existed in ICP values ( mmHg) at different
timepoints (P <0.001). That is,intra-op (26.00 +4.00; 30.70 £3.74) > post-op Day 1 (20.38 +4.35;
22.10 £3.98) > post-op Day 3 (15.77 £4.19; 19.60 +4.58) > post-op Day 7 (10.54 +1.61; 14.10 +

3.63) > post-op Day 14 (6.31 £1.18; 8.40 £1.35). The difference in drainage volume of CSF (ml) at each
timepoint was also statistically significant ( P < 0. 001). That is, post-op Day 1 (51.54 +14.91; 97.20 =

23.30) <post-op Day 3 (69.23 +12.89; 100. 60 +25.29) < post-op Day 7(86.15 +15.57; 139.30 =

28.12) =post-op Day 14 (82.69 +10. 13; 137.80 = 17.08). However, no interaction existed between group
and time. Conclusion After severe brain injury in children,ventricular ICP monitoring was applied. The post-

operative prognosis of infants and (1 —6) year groups was basically comparable. With a gradual rise of CSF
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drainage , ICP declined and GCS score spiked. It peaked at Day 14 post-op.

[ Key words] Intracranial Pressure Monitoring; Brain Injuries; Child

Fund program : Fujian Provincial Key Clinical Specialty Construction Project: Pediatric Neurosurgery of

Fujian Provincial Children’s Hospital (MWYZ-2023-1163)
DOI:10. 3760/ cma. j. ¢cn101785-202206021-010

IG5 £ i I L i e i 7 e e 50 P s T
4 A Bl — o B fELR , Al 51— AR A A2 ) BE
A, LT T AL T A s I R AR A B it
5473 A4 EEAE M 3P S TR O T 2R (HLL
A7 I P P 0 ) R R AN Tz, R A P A
Hs M 0% L 26 R i 95 13 32 3 9 1 T BE 7 46
FEFARA T o I R A T B A 5 A S
DIRE , AT == 0 5 | VR A, DR G 2 2 5T A e
SO0 P O P PAY D ] R S 9 AR AR P N s
SEE B BRI EE T B 1 2 LN 2 ILIER
DA FELERE ARG, Xt g s 39 e 1) A2 RE ) 0, B
TR 05 i ol M = 7R 0 PN s s 00 2 755 R At 4
I B LRA MR IR 8, AFFITAL, AHFIE S 1ER)
PRSI0 = 28t A e 000 AN ] 4 e L 2 o R4 i 45
Paia sy A B

BRETE

— R
WO 2017 4 6 F1 % 2022 45 3 F i JL B e

By FHIR 8 O B 35 BA 55 L O O B= g W id 1) e B 1
PPN 00 g 26 4] i 2R k453 497 A LIl R R}, e v
16 i 2z 10 ], % 37 d 2 6 5 FEHAER 1.3
%o R s B VRN S 14 41, 3 A B0
P 12 i, A B i 342k AT L B A% i 30 BF B ok 6 5K
( Glasgow coma scale, GCS) 1£43,GCS 5 ~8 73 (& 8
G319 11,3 ~5 43 (5% 3 4315 43) 7 il 18 4513k /i
CT 73 P I o 2 254 1) XS A 7, 8 431 il 7s
S/ TR A A B B A N A s N A
fHFARAE : A I L AR s 5 @GCS PR3 <8
43 5 OHERR I & M I 45045 BT BU IR
ZLTFARIT
WESERESSMRM TIT22 TR, NT
FREREER RS AL, X0 005 2 4N i % A A Codman
2 R P P A 00 AR B AT L TR R R, R
TR AR 2 % DU LR A 5 B P 4 1) 1
WNVER BB R 0B R X AR R T 2 % A
PR FEET ofn fi, SRe FH A M 25 1 AR 0 s 10 1, %) i o
PR FH S BT U0 0 25 10 i B 5 JC B S i A
i, D)3 R S AN ] A 5 A AT AT A i o, DA T



958 - RBR/NJLSMEL SR 2023 4 10 A% 22 %55 1088 J Clin Ped Sur, October 2023, Vol.22, No.10 || NG

B 1T 294 5 5% R 0 e i e B ANCAT A ) 50 2
i 2 0 5 P A T AR A A . AR AR, 48 6 ~
8 cm fZ TFIEIES| o

FRAEA i A5 0, 56 B /0 o ik B T,
15 N R % 3 ~5 mmHg (1 mmHg =0. 133 kPa) ; &
JE B 1 ~2 d A5 R BRI RS 3 ~5 mmHg, 1
RPN AR 15 mmHg, /i N K IE# RS 2 ~
3 d JE AT M AR, e KN 14 d, F 14 d Rl
PR 14 RATIEHMEZE R

FEl T AR 75 2h 25 VR i A TG MR 209, (R %
A MVE T R HEREAE 40 ~ 50 mmHg; A J5 5 HLZS
THURY BB IR BE L 2] I B I D) e R A
WRFEXTIETRYT o AR P e DA 2 i 20%
HEE M 3% miB K iKIAYY o H B0 B L
AT Y R R, — RN T do

= P KOEE SR bR

HRHEAE RS 26 B LA M LA( <1 %) F
1 ~6 4], HAp B LA 15 1,1 ~6 F 41 11 fi, 4>
RSP AR FOR G55 1.3.7.14 K11 GCS ¥
A3 N S KB W G . WP ARG 8 ~ 14
ARG Fii A 5 00 R A 5 R B P A 24 5 | o
A5 14 K5

IS e g e s

K SPSS 26. 0 #ATEHEAL BN GE T3 Mo /5
W EAA \GCS P43 R B 5 | i 55 1 it B9 Rk R
x s FR, RPN EAE . GCS PEA RN L W 5 | i = IR
IEZS AT, >R FH WG PR 28 35 52 00 4 5 2 43 A i A )
o P<0.05 J2E A gt E Lo

# R

26 flEILH 2 BITFARJE 7 d AL, BT 2
o FUIRE RS (LA 1 ~6 B 1 41) ,1 Bk
FARYT (BILAL) o 23 HI58 MUARYT i 4k S84 T R R
LRI . 23 BT RIS 7 d WIkBRTERE ,
T—BIFT VI . ARJGFH AN IEGE 17 41, i ff
JZRTL 8 i, BRI I RERERT 13 4, T ARG 14 d N
A, T A 1 S A

BLAAA 1 ~6 %40 GCS W4 22 7 RG24
(P =0.235) , 45 S [ o 52 BAR T, (H P AL A
[l 8] 5 GCS PRIy 25 B BA Gt E X (P <
0.001) (& 1.3 1), 9 FL 82 /s, A 2 AN [ I ]
i GCS WA ARSI S KU AR AR RS 1.3.7
14 K,

BULA SN AR T 1 ~6 4], ERA 5t
T S(P =0.009) 4% I 1] s it A H 2 5 A7 15
Gt AR (P <0.001) (P 2.382) , P ELACEE
B, AN RIS Ta] A A s (A g BV U < A
RIS 1.3.7 14 K BAU S G2 HAFEH

1 ~6 % BRI W5 i s T 28 L4, 22 5%
AGETE RSP <0.001) , AN [ R[] Gi45 9805 |t
RZEFMA AR (P <0.001) , PP HLECZE 3
S, ANTR] R TR] 0 95 1 I I D B 2K -
ARIFEH 137 KO ARJGE 14 RERIGH T REAF
-, A S I TRl C A AR (B3 3 3) ¢

16 1

RaT AREHEIR REFEIR KEHETR REF4X
—— L == 1~6%4

i GCS ARTIHTHF Bk 3R
Bl 1 BLHAN T ~6 & 2H 5 ARG 3 8 JLAS [ ) A
GCS P ALIE (3 £ 5)
Fig.1 Changes in GCS score at different postoperative timepoints for

severe brain injury in infant and 1 =6 year groups(x £s)

F1OBILAHM L ~6 2 HE B LA
GCS PRI E R M HTr 220 i
Results of repeated measure analysis of variance for
postoperative GCS for severe brain injury in
infant and 1 —6 year groups

Table 1

BEORI w2 AmE By FH PHE
ZH ) (4L50) 13.73 1 13.73  1.492  0.235
419 (HED) 787.47 4 196.87 497.224 <0.001
2H 51 x B i 1.56 4 0.39  0.984 0.386
(45 %% 193.20 21 9.20 - -
B2 33.26 84 0.40 - -
it 1029.21 114 - - _

E - ARTMRGLIE

W’

R 047 2 )L BOPE R B8k B HE A A
Z— \ LA R A SRR, P )L
AR5 093 1 I PR R YT S ms 5 CAR [/]
JUEE R4 0 ) P T s S TS S R



B i LshRE 2023 4 10 A% 22 %% 108 J Clin Ped Sur, October 2023, Vol.22, No.10 £ 959 -

40

(¥f: mmHg)
[\ (98]
(=] (=]

—
o
T

A RFEHEIR REHEIR RFEHTR RFHE14K
=Bl -e-1-654
2 BJLAURN T ~6 B A AL LR PR
AN ]I i) 53 A T (B AR (3 )
Fig.2 Changes in ICP at different postoperative timepoints for

severe brain injury in infant and 1 -6 year groups(x £3s)

F2 BILAM 1 ~6 A H BN 8 LAR)S
i A H R 52 0 A 7 228 AT s 2R
Table 2 Results of repeated measure analysis of variance for
postoperative ICP for severe brain injury in
infant and 1 —6 year groups

200 1

—

[=))

(=]
T

(#fii: mL)
© P

(=] =]

T T

IS
(=]
T

(=]

ARIFFIR  RIFHIR ARFRTR RFEHE14R
=Ll -e-1~6%54
B3 BULAA L ~6 B AR LA
AN TR TR 50 3 5 3 B AR (e £ 5)
Fig.3 Changes in drainage volume of CSF at different postoperative

timepoints for severe brain injury in infant and 1 -6 year groups(x +s)

F3 BILAM I ~6 X HBERMHGEILARG
A 5 I A N Ty 2 A 4 R
Table 3 Results of repeated measure analysis of variance for
postoperative drainage volume of CSF for
severe brain injury in infant and 1 —6 years groups

R BT Al By Ffi P SR mBzETom AmE %y FE PHE
2 ] (4151)) 285.79 1 285.79  8.269  0.009 R4 48 510.33 1 48510.33 99.786 <0.001
Py (HFE)  5911.85 4 1477.96 228.087 <0.001 UM (IF)) 24 253.32 3 8084.44 26.848 <0.001
A5 x I ] 35.09 4 8.77 1.354  0.268 A1) x 1] 1965.71 3 655.24 2.176  0.143
(5 x5 725.78 21 34.56 - - (A% 10208.99 21 486.14 - -
e 544.30 84 6.48 - - PR 18 970.71 63 301,12 - -
Hit 7 502. 81 114 - - - A1t 103 909. 06 91 - - -

E - ARG A

FBE T AKE S , W 42 i 15 P S 2 0 B 153 400
FERTE S M P T I — TG AT LA S N R
PP R A AR O , 45 T e PR e 15 1R 367 5 9 — 7 T
T LM 51 PRy S 70 Al e 0 8 i 0 T S, 4 4 i 4
YU IE B M ANFETE , SR IR D RES o 3% [ 55 DU iR
IR N5 45 PR R WD W4 L s T
A AR BB LAGFE R, Alkhoury %17 I\ N, BLAR
R D0 PR S A 0 o L A PE R Y A 2
EXFF It GCS WEAr o 3 40 i LA R A7 it
{H Delaplain 2" B985 , To 1668 I 3 75 2 i
S SRR PN P M T 86 A 405 5L B
FEA B R R T GCS 45 5 ~6 43y L, (L
PR 1) 4514 A H I 8 ) 4 X T 7 78 i 5
15 GCS FF43 <9 43 SEAGFF 52 M Ri451 103 1) 55 L
PEAT AN T W, I 8L S e 5 125 T VA 97 B B H
20 mmHg, I ARBTF 53 W, ik 25 405 | 3 AT A ko
RSP T , 445 15 P9 TR AE 20 mmHg LR ] A 4% k3
BILBUE" " 5 Woods 2™ pBF 52 % W1, JL 3
1 FRAG YT G B RE 1S ~ 18 mmHg, [k, A [

E - URIMRG

AR B LB L AN [R] g PR 5 5008 i g s, 2 75 BV 3¢
EGL YT BIEE EAF R o T A 4L LA i
BUW, BT AR TG T B BEAE 15 mmHg,

BTSSR s, 2L Fngh JL4H & LA AT
GCS Py 2 — 2, 28 0 PN Bl I 1] 22 A 19 U i
FEHEA —, (OIS R 2L 1 ~6 241, Bk
BHEEIARTE GCS PFor BIJF 4 BT, AR 14
Riktrw /Ko iz A5 17 Al A AL AR BN s, 78
E1R/ R L 773 DR LRy S Y i T NT(TR i 2 o
ARJGE 14 RELEIEH Ko 1 T2 LA midE A M
A AR IERRE S T L ~6 2 4, iR AR
SO, S LZH it PN e 1 5228 T 7 - 1R e ) 2
RF1~6 F A EAGFFEER Lo, 465 0 0
SEHAR I A SCHRF B LR B 1 ~6 2 4
PRo PILLEILBERE /A IR B I WA 7 A AT
T IER ARG IS iR 2, 255 7 K
JaaTE R BAREILAL S H A o /N T
gl LA, LA 8] 5 I 18] 22 [ AN AR S AR

Ji = R Pt Y s S 00 e AR ] P R A P



- 960 - RBR/NJLSMEL SR 2023 4 10 A% 22 %55 1088 J Clin Ped Sur, October 2023, Vol.22, No.10 || NG

I 28 S5 R A T DR I A 21 5% £l 1 ki 4 78 it
AT S 000 AR T AN 2 A T A 52 i 2Rt A s M
Mt . A2 26 Bl LA 2 st 1 BlGEin T
(HiBe/a 2 d JET2)  AER N 11. 5% , I ICH ]
DAY s S 00 T 394 0 6 3 P A7 o R 1 LA
N ZTE B BT R S AR B B BT ¥R O e i BUAS
RGP PR A9 S8 o 7 T8 P8 I i 3 0 P T 6
PP 2 300 A5 /N, 0 T AT I 4 2 A JRE A5 7
YW 78 Codman i 52 7R i A s W 00 R AR A2 D
3.4 mm, G BOR I A = A A 58, 47 <4 mm
AR BB 2 AT S AT E SR X T
SRS AL, 388 [ DA % /0 R, (E A
25 R4/, JEAMBE 1 JC B AL A7, PR 5
RSO A, dn] £ B sld 2 A5 5 AT R
a0 5 2

ABIFFE /IS [l BRI 5, OER T R IS
14 d W BUS , BT g4 R B A — & MR BRE, 1
it FEI PN 22 PP R30I 1) AT RES PR AT 9 LA 3R A 2
R PRUEE o TRIEST, Lt A s s 00 A 3 F) o 2
FE M 00 R, 458 U S R 000 A ot 9 R e
I P, 1 30 5 PN ) 2 28 e 0 Ay e R 3 9 R
SRR B 22 A A , L B R IR 4 40 1) i A SR
ELFRYTR
il A R (e VB MY S (R ERRU RN
EEREAR RSN BIERASHE OIS SRS, BRI 5k
BB ST IR TS R S A S e, M | gk i ) 9 S e i g Ak
By 09 AT R 2 T 5 TR SCRE R P 2 A T

& % X #

[1] Tilford JM,Simpson PM,Yeh TS, et al. Variation in therapy and
outcome for pediatric head trauma patients[ J]. Crit Care Med,
2001,29(5) :1056-1061. DOI10. 1097/00003246 200105000
-00037.

[2] Bennett TD,Riva-Cambrin J, Keenan HT, et al. Variation in in-
tracranial pressure monitoring and outcomes in pediatric traumat-
ic brain injury[ J]. Arch Pediatr Adolesc Med,2012,166(7) .
641-647. DOI:10. 1001/ archpediatrics. 2012. 322.

[3] Bennett TD,DeWitt PE, Greene TH et al. Functional outcome af-
ter intracranial pressure monitoring for children with severe trau-
matic brain injury[ J]. JAMA Pediatr,2017,171(10) :965-971.
DOI:10. 1001/jamapediatrics. 2017. 2127.

[4] Kochanek PM,Tasker RC,Bell MJ,et al. Management of pediat-
ric severe traumatic brain injury:2019 consensus and guidelines-
based algorithm for first and second tier therapies[ J|. Pediatr
Crit Care Med,2019,20(3) :269-279. DOI; 10. 1097/PCC. 000
0000000001737.

[5] Kochanek PM, Tasker RC, Carney N, et al. Guidelines for the
management of pediatric severe traumatic brain injury, third edi-
tion;update of the brain trauma foundation guidelines, executive
summary| J |. Neurosurgery ,2019,84(6) :1169-1178. DOI; 10.
1093/ neuros/nyz051.

[6] Carney N, Totten AM,O'Reilly C,et al. Guidelines for the man-
agement of severe traumatic brain injury, fourth edition[ J]. Neu-
rosurgery , 2017,80 (1) :6 - 15. DOI; 10. 1227/NEU. 0000000
000001432.

[7]  Alkhoury F, Kyriakides TC. Intracranial pressure monitoring in
children with severe traumatic brain injury : national trauma data
bank-based review of outcomes[ J]. JAMA Surg,2014,149(6) ;
544 -548. DOI:10. 1001/jamasurg. 2013. 4329.

[8] Delaplain PT,Grigorian A, Lekawa M, et al. Intracranial pressure
monitoring associated with increased mortality in pediatric brain
injuries[ J . Pediatr Surg Int,2020,36(3) :391 -398. DOI 10.
1007/500383-020-04618-y.

[9] de Andrade AF,Paiva WS, de Amorim RLO, et al. Continuous
ventricular cerebrospinal fluid drainage with intracranial pressure
monitoring for management of postiraumatic diffuse brain swell-
ing[ J]. Arq Neuropsiquiatr,2011,69 (1) :79 -84. DOI. 10.
1590/50004 -282x2011000100016.

[10] Chau CYC, Craven CL, Rubiano AM, et al. The evolution of the
role of external ventricular drainage in traumatic brain injury[ J].
J Clin Med,2019,8(9) :1422. DOI;10.3390/jcm8091422.

[11]  Shapiro K,Marmarou A. Clinical applications of the pressure-vol-
ume index in treatment of pediatric head injuries[ J]. J Neuro-
surg,1982,56 (6) :819 -825. DOI; 10. 3171/jns. 1982. 56. 6. 08
19.

[12] Woods KS, Horvat CM, Kantawala S, et al. Intracranial and cere-
bral perfusion pressure thresholds associated with inhospital mor-
tality across pediatric neurocritical care [ J]. Pediatr Crit Care
Med,2021,22 (2) 135 - 146. DOI; 10. 1097/PCC. 000000000
0002618.

[13] Gargadennec T,Ferraro G, Chapusette R, et al. Detection of cere-
bral hypoperfusion with a dynamic hyperoxia test using brain oxy-
genation pressure monitoring [ J ]. Crit Care,2022,26 (1) ;35.
DOI:10. 1186/s13054-022-03918-0.

[14] Baker WB,Balu R, He L, et al. Continuous non-invasive optical
monitoring of cerebral blood flow and oxidative metabolism after
acute brain injury[ J].J Cereb Blood Flow Metab,2019,39(8) :
1469 -1485. DOI:10. 1177/0271678 X19846657 .

[15] Ruzas CM,DeWitt PE, Bennett KS, et al. EEG monitoring and an-
tiepileptic drugs in children with severe TBI[ J]. Neurocrit Care,
2017,26(2) :256-266. DOI;10. 1007/512028 -016-0329 -8.

(%A% B #:2022-06-08)

AR5 AR AR, BT 9, B, S5 i 2 T pAY L M
PEAN TR AF U R 45 3 S8 L PP B 2 PR [0 ] i R/ LA 2
4,2023,22 (10) : 956 - 960. DOI; 10. 3760/cma. j. ¢nl01785 -
202206021 -010.

Citing this article as: Jing JJ,Zhao QS, Ying JB, et al. Application
of ventricular type intracranial pressure monitoring in children with
severe brain injury at different ages[ J]. J Clin Ped Sur,2023,22
(10) :956-960. DOI:10. 3760/ cma. j. cn101785-202206021-010.





