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Abstract: Background Laparoscopic CO, pneumoperitoneum can elevate the closing pressure of alveoli during expiration. If
the positive end-expiratory pressure (PEEP) applied is insufficient, it can lead to an increase in the volume of lung collapse during
mechanical ventilation, thereby inducing atelectasis and barotrauma. Therefore, a higher level of individualized PEEP is required to
maintain alveolar open during expiration and reduce lung injury during CO, pneumoperitoneum. However, there is no consensus on
PEEP during pneumoperitoneum. Objective  To investigate the impact of individualized PEEP setting guided by
pneumoperitoneum pressure on the incidence of hypoxemia from 30 minutes after extubation to 3 days postoperatively in elderly
patients undergoing abdominal laparoscopic surgery. Methods Elderly patients undergoing elective general anesthesia for
abdominal laparoscopic surgery in the First Medical Center of Chinese PLA General Hospital from October 2023 to April 2024 were
enrolled. The subjects were randomly allocated into two groups using a random number table method: the pneumoperitoneum
pressure-guided PEEP group (group P, n=50) and the traditional PEEP group (group C, n=50). During mechanical ventilation, a
PEEP level (cmH,0) equaling to the pneumoperitoneum pressure (mmHg) was used in the group P during the pneumoperitoneum
period, while the group C used 5 cmH,O of PEEP throughout the procedure. The primary outcome was the incidence of hypoxemia
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from 30 minutes after extubation to 3 days postoperatively. The secondary outcomes included driving pressure, plateau pressure,
compliance of respiratory system, oxygenation index (PaO,/FiO,), and hemodynamic data at 10 minutes after induction (T),
10 minutes after pneumoperitoneum (T,), and 60 minutes after pneumoperitoneum (T;). Results A total of 97 patients were
included in the final analysis. Among them, 49 patients were included in the group P, with an average age of (67.9 + 6.5) years;
48 patients were included in the group C, with an average age of (67.5 + 4.8) years. There was no statistically significant difference
in demographics between the two groups (P > 0.05). The incidence of postoperative hypoxemia was significantly lower in the group
P than that of the group C (10.4% [5/48] vs 30.6% [15/49], P=0.022). Driving pressure and dynamic compliance at 10 and
60 minutes after pneumoperitoneum were significantly better in the group P when compared to the group C. The PaO,/FiO, after
pneumoperitoneum deflation in the group P was significantly higher than the group C. There were no significant differences in the
use of vasopressors or total fluid infusion between the two groups. Conclusion Individualized PEEP setting guided by
pneumoperitoneum pressure can reduce the incidence of postoperative hypoxemia, improve respiratory mechanics and PaO,/FiO,
during the surgery.

Keywords: pneumoperitoneum pressure; positive end-expiratory pressure; laparoscopic surgery; hypoxemia; the elderly
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B, H ARG il %8 I & i (postoperative pulmonary
complications, PPCs) & /& F 4w, B4 w58
7N, I T RR I TR 8 A7 5 35 PPCs 19 & AR #80k
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XoF J i AR Hh AT 34TSR Ak PEEP 1Y 3 € AT A7 A
P TR R, FEREENET, i
BB A PEEP (755 T UM 1K 77 2 emHL0) i LIAT 2%
B AR I BK 2l Fe . DA W] BE XTI D e 26 A 5
s ARBEGY B AR E R R A Rk
PEEP 35 2 X A AT Ji ¥ s 455 T R A8 8 R i AR gL e
VAPV N T = e h GO A

1 X&57F%

1.1 #RITHR

ASHIF ST 0 1 BE P Bl AL X BRI R IR AR o 3k
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1.4 PEEPiZE

Frf A FARRME G, 1T FRmE k.
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ARISCAT W41 . FARLAIENA . e . 1l
L OREL METEHA R . REARERH A
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Tab.1 Comparison of demographic and clinical data

between the two groups

P2 (n=48) “W piy

izt C 41 (n=49) 21

AR/ Xks) 67.946.5 67.5+4.8 0345  0.731
PRI 2)/ 36/13 33/15 0.263  0.608
W Bl /(cm , X£5) 87.4+10.8  86.3+104 0511 0611
JI§ Bl /(cm , Xts) 88.1+12.2  87.1+11.5 0415  0.679
ARISCAT 743 /x+s 38.4+5.1 37.845.1 0579  0.564
BMI/(kg/m?,Xs) 24,5433 23.6+2.7  1.468  0.145
ASA S/ 41/8 44/4 1429 0.232
igjﬁﬁ(ﬂﬁﬂ/ T 31/18 23/25 2315 0.128
TAREAL

B i 29 24

JiiRilili7e 12 17

PR 5 7

aft 3 0
FARBH/(min, X£s5) 204.0£70.6  191.2+455.5 0.991  0.324
S/ (min, X£5) 169.9£55.8 155.8+482 1331  0.186
PEEP ${ii/M(IOR) 5(5~5)  14(14~14) 4871 <0.001
FEBEI /(A x£s) 14.246.9 13.9+38  0.266  0.791
RIGTEBERT/(d, Xks) 8.5+5.3 83+29 0231 0818

ASA : FE[E BRI ZE B 23 PEEP : MR IEJE ; C 41 558 PEEP 41 ; P
NS IE RS S PEEP 4.
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Tab.2 Comparison of the incidence of postoperative

hypoxemia between the two groups (n, %)

i i) 25, C4l(n=49) P#H(n=48) ;1 PAH
P45 )5 30 min 8(16.3) 5(10.4) 0.730 0.393
RIF1d 15(30.6) 4(8.3) 7.641  0.006
ARJF2d 3(6.1) 1(2.1) 0.240 0.624
AJF3d 1(2.0) 0(0) - 1.000
ST 15(30.6) 5(10.4) 6.042 0.014

- RETRERAR R, JEge i

2.3 FEARFIERHZSELE

PIZH R PerCOL HM I ) 22 280 5 B[] 2o 4
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PABH M EEE . WRah R K shaS I 448+ C
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24 WAHARPEEIEH(PaO/FiO,) L

AR TRE S B R3S HAE R (P<0.05), 4
(] LA K 45 A BF [0 o5 20 Y U310 22 AR AF AR L 12
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T, W4 AH I (P=0.73), T PABKIE T C4l, {H
ZFIG I E L (P=0.16), PHIE TN B EET
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0.05). W35,
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Tab.3 Comparison of respiratory mechanical parameters

at data collection point between the two groups (x=*s)

AFE HNEFE ZHF

I A I N A
T, 15243.6 14.5+2.1
T/ T, 21.1+32" 26.9£2.7" 63,671, 278378, 32.689,
cmH,0 T, 22.5+32' 27.443.1* <0.001 <0.001 <0.001
T, 17.0£3.0' 16.4+2.6'
T, 102£3.6 9.5+2.0
9K K/ T, 16.1+32" 13.242.5" 74807, 87.068, 4.322,
cmH,O Ty 17.5£32' 13.8+2.8" <0.001 <0.001 0.005

T, 12.0£3.1' 9.6+2.7°

T, 45.7+15.4 47.5+11.1

AR To 28.246.6' 36.7£7.9% 66250, 57.721, 5.119,
(mL/emH,0) T, 254+4.4" 36.6+8.8" <0.001 <0.001 0.007

T, 36.1+7.7" 47.5+11.6*

T, 33.9+4.1 323+3.8°
PCOy/ T, 36.9+4.3" 37.243.7" 0021,
mmHg Ty 382+5.0' 39.9+4.6" 0.885
T, 38.5+5.7" 38.4+5.8
PyrCO,: PR A K 5 T« BRI /5 10 min; Ty VIR
10 min; Ty : PEEP U f5 60 min; T,: PEEP “UE 45005 10 min; 24 1,
ey R 2R T A2 o 22 43 BT L BRIUAAEAE IE 9 Huynh-Feldt e 4115
i ERSAN LR N LSD-+ #5565 °P<0.05, vs C 4. A4 FRs 40
P N 2518 (K656 s ' P< ', vs T o 0'=0.05/n=0.05/3=0.017 ,n=4-1=3 J§
Z IR A B (Bonferroni £ 1E#5)
*k 4 WMABERPEEIEE(Pa0/FiO,) LK (xts)
Tab.4 Comparison of intraoperative oxygenation index
(Pa0,/FiO,) between the two groups (x+s)

30.282, 2.113,
<0.001 0.123

M (FIE, HNEFEM, LHFHE,

i) C 2 (n=48) PAH) PAH) PAi)

P 4 (n=49)

T, 407.7£89.9 400.9£102.4
Ty  382.3+84.3 405.2+73.5
T, 343.3£89.0' 457.2+80.1'

18.099, 0.344,
<0.001 0.558

12.677,
<0.001

Ty : M5 10 min; T5: PEEP "L J5 60 min; T, : PEEP R 45 F 5
10 min, HAR] 3 1E .

3 itig

R TR 10 AR TE A COL AT HiEdy
—E ST ARG RS ], AR R
A a7 S A RLRA 25 1 03 T 2= = B IDLE 2% b
0 PRI RGN TR A K 2 R A &
ML BRI, 3 L B A P M 3 A
BHEMIFWIIRE, RBUGAREILAE | = 5 R I AT
JRURSE BT, AR B AN Sl B SR e 2 T o AR
WFFERTT 1 AU 5 1) B9 AL PEEP BLE 11 4F
R B T AR B P ROR T, A5 R Ros AR T



446 IR AR

Acad J Chin PLA Med Sch May 2025, 46 (5)

https://xuebao.301hospital.com.cn
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Tab.5 Comparison of intraoperative hemodynamics

between the two groups (x+s)

A|F HANEF ZKHF

CHL PHL bty i pA) (P

— s i
CTE

T, 68.4£11.9 65.4+11.9

T, 63.1£9.4' 632+9.1 (839, 2.186, 0.436,
T; 653+9.9 64.1x10.5 0.362  0.090  0.727

T, 65.8+10.5 65.8+12.4

JL3R/(YK/min)

T, 83.0£8.3 84.5+12.8

SEWEKIE/  To 86.6:9.1° 883127 0005, 4.071, 0.738,
mmHg T, 86.4+8.8' 85.0+89 0942  0.018 0479

T, 83.6+£8.0 82.0£9.5

T, : BREES )5 10 min; T,: <M J5 10 min; Ty: PEEP S 5 60 min;
T,: PEEPUE45 /5 10 min; 1 mmHg=0.133 kPa. HAh[RIZE 3V,

Fo6 WABERPMEFEAYMSHNELR[MUIOR)]
Tab. 6 Comparison of intraoperative vasopressors and
fluid balance between the two groups (M[/QR])

izt c4l P4 Z{E PE
IMAFTEHEZT Y
JREE Bl/mg 6(0 ~ 6) 6(0 ~ 6) 0.861 0.389
FEE LR /ng 00 ~2000) 0(0~4250) 1332 0.183
By /L 0 o0 00 (1 o0 s00) 1145 0252
i /mL 90(50 ~400)  110(50 ~390) 0.342 0.732
JRA2/mL 230(125 ~ 650)  240(120 ~ 650) 0.086 0.991

®7 WMABERBIEBIRELLR
Tab.7 Comparison of postoperative pulmonary

complications between the two groups

Ei=7n CH(n=49) PH®m=48) ;M  PIi
il e /451 6 1
fiti ANk /5] 2 0
i s R 467 2 0
I 2 5 /151 3 1

AT, %) 9(18.3) 1(2.1) 5304  0.021
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A DAREAR & A 18 1 5 T AR B8 38 AR5 AR SUIMLE & 2B
R BEEAR P EI J 2 KR AR R, B A
(R A VE

SR 5% Ge 04K 8 J5 30 min (9 {1 4 IfiLAE
RAEFNGL, MAR1dEFAGHHEX, X0
fie 5 B FAEIRAY IS 30 min (N RO LES . BER . UM
YRS T AR A K. AR
PPCs AR WEM TEGA, WIERSMR
AMAAL PEEP 7] 7 — @ R [ FRAICE AR s Bs TR
BHEPPCs R AR,

SNE A AL B 2 T A R TS B TR
ISR, B DI Resk < e . YIREsR R ETE
A B AR R I SR R g o R, b
S R X i R N AR S B S e TSR
AIaesR i, PRI 58 2 Fa i . Yite
FRAE S MAE /R 5k, Dhae sk < s B
ity 4 /el B b o AR b s S AR R e
AH IR Y PEEP {H A] A 2506 Bt SUE i 38 A R
S, AERE AR RAFAE ST RE, FH Ik /NSOE A
IAERF SR B SRG, SEmThResk <. Ak, P
2H 16 i 15 5 M %€ PEEP {H 0 8 cmHLO 4k 5 &= R
B PR A5 T PTG M R A v ) I BCIRASDT, gR AT
FE— R B b AR 5 AR U i R A3, A G
R, TEVLMEE AT, M PEEPIRE N
5 ecmH,O I, DhREFRS BRI HEAN 128 ~ 575 mL, T
PEEP N3] 14 cmH,O I, DIRESR iz ] A 0
#1180 mL!',

IR By Fe 2 3K Bl A HE AR N B R T, AT AR
— i AR S W R S I ZR G U P, SR Bl
Je /N T WA A T 308 OO P R S A 1 XU B
e AR A, TERHSNEESE S0 PEEP X E
5, AL AR R A TR RE S & B S SR )
JE, HCGERF RGN, HoAS B SR 3l R 4
T 15 cmH,0, 75 PRAPHH: Al 38 03 W 1) AH G 2L
SRS S A, 3T UK 8 R 48 5 PEEP X € 1Y
48 L a8 NHTH g T AR5 R, A~ 1L PEEP
ALK 14 emH,0,  S5ASSE 5 vh A0 R 5 1) 191
KA PEEP 4 1y rh 48 S¥ERY &, R E TR
ARk B BRI A A FR B AR R MR 7
R, ELANIE I i 48 v v 25 i Y i
SE TR T 1 PEEP 350 E 1T I 2 HGE AR Y IR
Wy RAR A TR R, BRI IR VR

ZIR R, tHEAESKF- PEEP, <JE
i R N AAE PEEP A9 0 AT i 2 o i e il AR rh
FEETEE, HAER CO B A U5 i
N, TEMREGEIRREVIRAR B b, ML SRk
V- PEEP, &% 5UE & JJAHAE B # [5] PEEP(i= T
SME T TTEUE 2 emH,0) AT I 25 PR AR IS i &, 7ENT:
W 72 W A B R FE RO VE T, (R I R B
PO B AR BN AR R, P AL
CHIVRREUEAGTE, ERLHI¥EL, &
MAEMRBR G PR GRERE LT CH, 7ML
Ji PR AT R 5 AU S R A = ) PEEP B A7 M R 45 T
it A sRIR A, WA TN SR, DNITTAE A BR <
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[ 5 BE (B 2 Bl s 2 5 3RS He, oG AR
HRATREL

155 WS IA R 55 1Y PEEP 23 535 i 38 14 1L
S F2E 2L, BN T 2 10 2 R R AR B
B . B Z TR YR, MR TESK
JK3F-PEEP, MAAk PEEP [ Bl A 19 07 FH I oK 45 5
ok B DM S S, DR IR LA
K& 15 2 s e gt it ap 22 5 U0 HR
IR A] e W 76 25 70 SRR b, Bl B RS vk T
AR — R LR T A D= W E s, ATt
OVHER AR = A B A (ETE LR i 8 AR
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