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(HWZE ] B8 PN R S EAEIF SR IEE (Positive End-expiratory Pressure,PEEP )
£ AP AR s %o v 5 B3 PE IR 4%5 ( Traumatic Brain Injury, TBI) JRZHEEMISENY ., FiE 22
SIS P LTS R AR R 111 &4, 4RI 18 ~ 65 %, BMI 17 ~ 28 kg/m®, ASA 734l ~ V4%, K
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[ Abstract ] Objective To evaluate the effect of individualized positive end-expiratory pressure
(PEEP) ventilation strategy guided by driving pressure on intraoperative intracranial pressure in patients with
moderate traumatic brain injury (TBI). Methods Total of 111 patients aged 18-65 years old, with BMI of
17-28 kg/m’, ASA grade of Il - IV , and Glasgow coma score of 9-11 before operation were treated with
evacuation of intracranial hematoma in emergency. The patients were randomly divided into 0 cmH,O PEEP
group (Group 0 PEEP), 5 cmH,O PEEP group (Group 5 PEEP) and individualized PEEP ventilation group
(Group P) guided by driving pressure. The volume control ventilation mode is adopted, VT is 6 mL/kg, FiO,
is 60%, and the inspiratory expiratory ratio is 1:2. Patients in Group 0 PEEP and Group 5 PEEP were given

PEEP 0 or 5 cmH,0O for ventilation after tracheal intubation until the end of the operation. Patients in Group
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P were given individualized PEEP titration ventilation strategy guided by driving pressure after intubation.
Blood gas analysis was performed at 5 min (T1) after tracheal intubation, 60 min (T3) after operation, and
5 min (T4) after operation. PaO,, PaCO,, and dynamic compliance (Cdyn) were recorded. The optic nerve
sheath diameter (ONSD) was measured before anesthesia induction (TO0), after PEEP titration in group P
(T2, 10 min after ventilation in group 0 PEEP and 5 PEEP) and at T4; Serum neuron specific enolase (NSE)
concentration was measured by ELISA before and 1 day and 3 days after operation; The occurrence of
nervous system complications (intracranial infection, intracranial hypertension, epilepsy, brain edema, etc.)
within 30 days after operation was followed up. Results Compared with group 0 PEEP and 5 PEEP, Cdyn
and PaO, in group P increased at T3-4 (P<0.05), ONSD was not significantly different among the three
groups (P>0.05), NSE in group P decreased significantly at 1 and 3 days after operation, and the incidence of

neurological complications in the three groups was not significantly different at 30 days after operation (P>0.05).
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Conclusions Individualized PEEP ventilation strategy guided by driving pressure can help improve lung and

brain function in TBI patients.

[ Key words ] Drive pressure; Positive end-expiratory pressure; Lung protective ventilation; Traumatic

brain injury; Lung dynamic compliance; Intracranial pressure; Optic nerve sheath diameter; Neuron-specific

enolase
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FiO,=100%), F¥ i T il &b i i Jok 3 i, A0 e il
ECG. HR. NIBP Fl SpO,, F7E s bk T 4748 3h ik
FREEA , WA QISR BREST  ER
B 300, ERIKEESTNIA M 0.5~1.0 mg/
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WA . REREE, SUAREYTURR
P iilm A, WA N 6 mL/kg, FiO, K 50%,
WL LG 1:2, BRI R 12~16 YR /min, 4§ $5 050K
Akt ( PetCO, ) 35~45 mmHg ( 1 mmHg=0.133
kPa ), Frf A S e B T IF R Ik 28 A, I
PO FR KBRS . 0 PEEP 411 5 PEEP 4188 534S
i IS V45T PEEP 0 5% 5 cmH,0 #H 7@ HET
REEHR, P AHEFITIR8h 8 3 891~ 1A& 1k PEEP
{4 5 18 < %K W& . PEEP {i% %€ /7 I : PEEP M\ 2 cm
H,O Z #iHE %) 10 cm H,O, 4F 10 4RI Ji&5 1 338
M1 em HO, [RIFiCSE Py, #1 PEEP, Ji159K5)
J& (AP =P, -PEEP ), fit)q b A= e IR 4K a5 )
() PEEP K F )5, PRFFZ/KT- PEEP A EALE,

RIRLER - A 1~2% L Uk, ks A 58
FERAE 0.6 pg/lkg - h), FiZFRKIE 6 ~ 12 pg/lkg - h),
IGATARRE AR 5 pog/kg - h)o FARLFEFRAIH
PR RS 3, P38 3 ke R A 3 e i 5=
HUFR 20% BbkIEAR S = 12% B, B FH RO
SRR ERRFORAER R B )RR .

S TEEESE 5 min (T1). FAIFEE 60
min (T3), FAREEWRG 5 min (T4) B 1 mL shfikii
AT ISAHT , 18 5% PaO, . PaCO,, il i #4:( Cdyn ).
39 TR 0T (TO), C 41 PEEP €5 (T2, 0
PEEP. 5 PEEP W4l X} il )5 10 min) F1 T4 B}
Z) I AR 2285 4% (ONSD ), ONSD 5 —44
gt TS H eI . B Rl H e TEL
5. HXIARGFFEAFIE A &, AF A [a]
i AR 5 ~ 10 MHz FYZR 4Rk (wisonic, H11E ),
RECEIE AR, fEMFLL)E 3 mm BT AR
T 53 1IN ONSD, RN &t 3 IO A .

BB SN R E K IMEE 5 mL, SR ELISA ¥
B RIS ST 5 min (TO), AJ5 1d (T5) F
ARJF 3d (T6) IMLyE L e s I Ll (NSE)
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BEEANG 30 d WG RGEIFRAE (NG il
P R . MK AR ) R AE L

W A 5% B R T A 25 R, R E AR IR K
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=21 fY PaO,, PaCO,. Cydn #BFEF R UL L4
FAs (P <0.05) W& 2,

AH % T T1 W, T4 W) = 20 ONSD #F 1 & 3% Jin
(P<005), 25 Tgit2=E L (P>0.05) (%
3). ARMFGEH =41 NSE Fik /K F- YRt 8] R R (P
<0.05 ), i C HIEARSGHE 1 KILEE 3 RIKiREE N

R BHRRIELTOR
% 1 Clinical baseline data of patients

i 0PEEP 4 (n=31) SPEEPZ (n=30) P#4 (n=30) P1H
5
% 19(61.3%) 18(60.0%) 2(733%) 0489
i 12(38.7%) 12(40.0%) 8(26.7%)
(%) 58.5(34.0,74.0)  60.0(49.0,71.0)  545(50.0,74.0) 0.216
ASA
mm 11(35.5%) 8(26.7%) 1030.0%)  0.744
\Y 20(64.5%) 22(73.3%) 20(70.0%)
BMI 240(203,268)  24.3(209,33.0)  24.6(19.6,35.0) 0.709
Wi (mL)  310.0(200,550)  300.0 (200, 450)  310.0(210,479.5) 0.579

AN (mL) 2500 (1879.0,3100.0) 2600 (1926.0, 3150.0) 2500 (1900, 3000.0) 0.642
T (min ) 235.2(195,291.7)  245.0(205,284.0) 240.8(200.6,276.4) 0.448
FAMIE (min) 185.5(165.0,230.5) 193.0(174.8251.5) 191.3(169.4,242.6) 0.538
T BMI : (REFE S /288 iR IS (A or4) HiEik, AN
FEEIEA AT R SAF s R AR (DU TR ) ik

*2 AL AN RN ] R 3 ) 2 AR 1“7 48 bR i
s
Comparison of hemodynamics and respiratory
mechanics indexes in three groups of patients at
different time
#8b5 OPEEP 4l (n=31) SPEEP4l(n=30) P4l (n=30) P&
MAP
T, 105.4 (100.0~110.8) 109.3(103.8~114.7) 104.5(99.1~109.9) 0.434
T, 85.7(80.3~912)¢ 80.5(75.1~85.9)° 82.4(76.9~87.8)" 0.395
T, 893 (83.8~047)¢ 83.1(77.7~88.5° 83.6(78.1~80.0)" 0.211
PaO,
T, 219(193~246)
T, 302(276~329) ¢
T, 355(329~381) ¢
PaCoO,
T,  42.8(41.1~44.5)
T,  40.4(38.7~42.1)°
T,  37.8(36.1~39.5)°
Cdyn
T,  37.6(36.7~38.4)

Table2

254(228~280)  257(231~283) 0.085
333(307~360) ¢ 365(339~391)" 0.005
398(371~424) ™ 421(395~447) " 0.002

43.8(42.2~45.5) 44.5(42.8~462) 0357
39.1(37.4~40.8)°  37.8(36.1~39.5) " 0.542
37.1(35.4~38.8)° 36.0(34.3~37.7)" 0.316

38.0(37.1~38.8)  37.5(36.6~38.3) 0.706
T,  40.7(39.8~41.5)"  41.9(41.0~42.8)° 42.1(41.2~43.0)" 0.049
T,  41.8(40.9~42.7)%  43.1(42.2~44.0)™ 44.0(43.1~44.8)" 0.004

7 : 5 0PEEP 4lHA, “™°P<0.05; 5 T, Aftefk, **'P<0.05

£ 3 —HBAAFIKE ONSD fYLEE (mm)
Table 3 Comparison of ONSD of three groups of patients at
different time (mm)

415 T, T, T, P i
0 PEEP 41 (n=31) 4.92(4.74~5.10) 5.02(4.84~5.20) 5.16(4.97~5.34)* <0.001
5 PEEP 41 (n1=30) 4.99(4.81~5.17) 4.99(4.81~5.17) 5.10(4.92~5.28)" <0.001
P 41 (n=30) 5.02(4.83~520) 5.02(4.83~5.20) 5.09(4.90~5.27)° 0.002

5 T E, “>P<0.05

2 (P<005) (F£4), 3HEBEARE 30 d LRSI
FRIER R R E RG22 L P > 005, WS,

x4 B EAFIRZIM T NSE #E A (pg/mL, x £ 5)

Table 4 Comparison of serum NSE concentration at different
time between the two groups (pg/mL, x + s)

215 T, T, T6

0 PEEP 41 (n=31) 11.27(10.76~11.78) 5.79(5.28~6.30) 3.57(3.06~4.08)

0 PEEP 41 (n=30) 10.79(10.28~11.30) 5.75(5.24~6.26) 3.35(2.84~3.86)

P 4 (n=30) 10.95(10.44~11.46) 4.40(3.89~4.41) 2.79(2.28~3.30)

x5 ZHUBREARE30d MERGIFLIE (n,%)

Table 5 Three groups of patients with postoperative 30 d
neurological complications (1,%)

IR AE 0 PEEP 4 5 PEEP 4] P4l P

(n=31) (n=30) (n=30)
Fii P SR 3 (10%) 5(17%) 3(10%)  0.643
Fii P v 6 (19%) 7 (23%) 7(23%) 0910
TR 3(9%) 2 (7%) 2(7%) 0878
i 7K Jie 6 (19%) 6 (20%) 7 (23%)  0.920
FFAR 2 (6%) 1(3%) 2(7%) 0817
3 g

PRI, A% - Iz [BAAAEE B A HAE
KFRo G B EA G N RS T, &
SR KSR AU M e, ORI B Sleda M
— I [m] PR AR ST s B, X TBI B R AR
(18 308 SR s T LA 93 ok ke S i s Y R
SEFKG UK ) R S 1) PEEP i3 i = R s i T
HEE TBL B TR B, DU BSR4 0% il fing
PRYZANL . FEARWEIE LRI, MET 0 PEEP 41,
P 4% PaO, Fl Cydn FHi I, $2/RIKS) R 46
FHY/ A PEEP 38 RIS BE A ) T e AR 0 AR
HIMDIHE

AN, TBI 4k % fili 46 155 SO0 Sl 48 F 51 5
E&t— A MEM 2 R G W05, W s e
WU {HBE I, PEEP 27F— & FERE N B I Py
FE, BB E K R, S 1CP A ML SR
MR Z 58N —E FEEE 1Y PEEP Jf A4 35 ICP
B S e R P U AP 28 B AR T LSRG
B TN ., AT RAFE R H SE i #E T ICP () PEA
U1 Gupta %5 " 3@ F ONSD ¥ £ T TBI & #
PEEP 5 ICP (% JCHEFE B, /& BH 4 PEEP M 0~10
cmH,0 ¥4 A, ONSD Ml ICP ¥ A3 W & 34 i, 1
1F Balakrishnan % "7 #fF 57 v ] % 3L PEEP M\ 5~10
emH,O 4/ mf £ 5% ONSD B W3, 7eiR &%k
MARRIER, HEIR 3 41 ONSD #P B it 1] ms A T v #
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B, ARLEFR B2 F IR G 2EE L, Oz
HINN PEEP 5 ICP Jf o 425Gk, Ik, 1 TBI
BE P T—%E PEEP 2L 201110, S5 —2
ETEAT ST ICP AU, R R A RE S -
(D PEEP HA 5[ PaCO, L &Nt 42 53 ICP
A FE s U A ST 4E R T R PaCo, [ IE K
V. @ TBI BE LA 22 F AR, FT PEEP
g rim RS R, AR LS ONSD 48k,
3 Nemer % " FE 5% B 7K °F PEEP %} TBI #3 fii
N 5% I I % B, 10 emHLO (1) PEEP & % 4 1Y,
AL S HUSH N E RIETHE .  Gupta 25 U ) % Bi
>4 PEEP M\ 10~15 cmH,O 3% il iF, ONSD #l ICP
WERM, FEABSE A~ 41k PEEP & = {Uh 10
cm H,0, FJREAZGIHL ICP 19 g 248

NSE J& — b 19 fft I B Ak g 0 [m) T J, &
B8 AN TRl 28 T8 R R 25 P 43 D0 4 L 1 4 I Y
UV AR N, BRI AR N fl 2 45 B AR A
Yy, 50020 06 0 B R I A OGO e AR
WU 5T, = 41 TBI & 3% 78 A = i §) NSE 7K
4y W R 11.27(10.76~11.78), 10.79(10.28~11.30),
10.95(10.44~11.46), £ {5 SCHk Hz 18 19 v 2 3 il N
(6.5~21.2 ng/mL ) 2", X A[RES L4543 )5 NSE
PRI ML LA K FEEVE A0 05 RN S 88 S E BN AE KI5
FRIR LA o P JEH, W5 NSE FEikK
ERER R E g TR, b, AR TXTIEA, P
ZH 1 NSE FRIKACHFIEAR TG 1 KPS 3 K TR
ARG, o A SR R G A S R AT SR AR il
PP I8 SRS ARIE T A Ao R, FRAG T B
M 2 5 b 22485403

W, EHEMNEBEREIET 30 diB R,
R =HARGH ARG RAE LR, $R
AR T R T — & MRl &, Xt
P2 RGBTV IR A AR, HARME(E TBI &
B R GG R A B EYON, TFELEE ISR
FAREIMZ I mmEE,

TEAWFSEH, 5EE PEEP 0 5 5 cmH,0 tH 1,
IR BN EFE 5194 L PEEP 3 5R 08 1T DL g 245 25
FEE R P AR A RE ST, BEARIMYE NSE /KF,
AN R PP R ) S B 1A, BB 25 R, %0k
W& T LA ek 3 TBI A (i e M ohag, HAT—
SE R DR ER] . IR B BEEPLHI AT RE 5 LA
HZEA % . QMR PEEP ] DIARHE £ 2 (iR 245
JAEE, R K B R, AR I AR R

Biogpk, s iE SN m i B, @4 kb
PEEP A] DM S il i o0 1, GEAG, Byikdk
AGIER R Tei . @&k PEEP 1 L4
FRE YN e, PRUERGREE R, 7 Lk T
5 e 29

AW FAFAE—E 1R R« @ ONSD il & )
B[] i AR R 2 B ARG A EAE M=, (U
BT ONSD iy &AL AE 3 @ARWFFEALAH H T fii N
JEFT NSE X P8 An R PAL I D g, X S48 brer
HE—E B R BRI RIAN I , AN RE 41 S5z e g $54 473 Fr
JERTS o AT E L IR AT 7 ok 56
AR, LA . I . A
M . MGt MEIhEEITAG S . OEAR)G
FORE WA 2 pr BEVUGE R T BER FH T AN IR 38
SOk, ARbEam . Blep AR rh AR {k PEEP
X TBI 835 4 A B AR WG . FliTh e pysem, fe gk
W SE I AT HE T HE— 2R T .

ZE LR, X S 2 P I R
R R R, SRl HETs A1k
PEEP fili {4l S SR ms A Bh T ok iR 3 i i T g
METiee, " RESE A TGS RETREMIIKE .

RIS AR A IO i

EETTEKAER vl RAITT . SCRRAE | 1BSURS
R GR Cie IR LIS g o T N A NI T E RN AT
HEBeit, e

2 £ X #
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