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[ Abstract] Objective To observe the effect of protective lung ventilation combined with different
lung recruitment maneuvers on respiratory mechanics and prognosis of laparoscopic colorectal surgery during
anesthesia. Methods  Sixty-two patients undergoing laparoscopic colorectal surgery were included, 37
males and 25 females, aged 46—72 years, BMI 17-27 kg/m*, ASA physical status [ =1, They were ran-
domly divided into three groups: sequential lung recruitment maneuver ( group XG, n = 20), random lung
recruitment maneuver ( group SJ, n = 21) and non-lung recruitment maneuver group ( group DZ, n =
21), Protective lung ventilation was petformed in all patients. In group XG, the first lung recruitment ma-
neuver was performed after the patients were tilted to Trendlenburg position, and lung recruitment was per-
formed every hour after that by the method of increasing PEEP. In group SJ, the first lung recruitment ma-
neuver was performed after the Trendlenburg position was posed, and the second lung recruitment maneuver
was.performrmed after the stop of pneumoperitoneum, the method of each lung recruitment maneuver was the
same as that of group XG. In group DZ, lung recruitment maneuver was not used in the whole course. The
changes of peak airway pressure (Ppeak) and respiratory drive pressure (Ppeak—PEEP,AP) after intuba-
tion, immediately after the first lung recruitment after placing the Trendlenburg position, 60 and 120
minutes after the first lung recruitment maneuver and before extubation were recorded and compared. The in-
cidence of postoperative pulmonary infection, incidence of nausea and vomiting and length of hospital stay
were recorded. Results Immediately after the first lung recruitment, and 60 and 120 minutes after the first
lung recruitment maneuver, the Ppeak and AP were significantly higher than the ones after intubation (P <
0.05) ; immediately after the first lung recruitment, and 120 minutes after the first lung recruitment maneu-

ver, the Ppeak and AP were significantly higher than the ones before extubation (P < 0.05) ;Immediately
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after the first lung recruitment, and 60 minutes and 120 minutes after the first lung recruitment maneuver,
Ppeak and AP of groups XG and SJ were significantly lower than those of group DZ (P < 0.05). Ppeak and

AP of group XG were significantly lower than those of group SJ at 120 minutes after the first lung recruitment

maneuver (P < 0.05). There was only one case of pulmonary infection in the group DZ. There was no sig-

nificant difference in length of stay among the three groups. Conclusion Lung recruitment maneuver in lap-

aroscopic colorectal surgery patients without lung disease can improve the driving pressure and lung

efficiency of pulmonary protective ventilation. Lung recruitment maneuver can be an effective supplement to

pulmonary protective ventilation.
[ Key words)
gery

F AR5 & & il %8 H & AE ( postoperative
pulmonary complications, PPCs) R REFEZE FEAZ , #4 Hn
FET3R, /NETA i (tidal volume, V) A8 i {97 P 8
AT LAAE PPCs, {H/IN V., ATRESUMIRFE , B At
Sl AT 3G 3K Bl T [ 038 U S (peak airway
pressure, Ppeak ) — M S K IE J& ( positive end-
expiratory, PEEP) | AP FEMASA0CK " PEEP fig
HERFINREMIARR . TiiA sk A VEF IR 0 25 G 1R 8
FAUIN AP, B SRS X B PPCs B A
FEFGMA A W A 5K 1Y) PEEP 45 25 %808 I A
B Meta 4387 RATREAR AP 14 fili 4 1k
WA GRS ER] . Ferrando 557 W4 T PEEP %f
AP 5, A7 Il 5 ik X AP A S BIF 5T A A
A TG IS 5K T X AP F1 PPCs BEEZ IR

BARERE

—RFA A 5 A R B S P 2 54 Ak
(YLL20171212) , & MR JE &5 Afg R 5, ik
2018 4F 1 H % 2019 4F 12 A BT IE 4545
TR BE PRI, 4F i 46 ~72 %, BMI 17 ~27
kg/m* ASA T —TI G HEBR A5 1 5 1 1 0 ik
5, B IO I, 18 MR O T B A 4, 18 BH ZE v Al
A BRI B R, TR D REAS A R A A
S o MIBRBRUE  SE BRI T 120 min 5% 1A WL 4%
RO, R TT I FAR AR R F R, BB N
=7 DTG 5k (XG ) (BEHLAG & 5k 4H (8]
2H) FNTCHti & 541 (DZ 4H)

FRERTT B AN E IR R
A8 ml - kg™ « h™', HHLWEI HR . SpO, .ECG .
BIS, el il B4 VEA T4 B 2 bk i e W, e B
BB K ML EAT A HT . A B A 44 5 min
Ja THEZFRIE 0.5 pg/kg NTHET 2. 0 mg/kg FIE
] ith R4 2. 0 mg/ kg 5 BRI, L IRUE P TH B AN
Bt 25 K Je 4EHE BIS 40 ~ 50, # 221 E A RIE K 3 ml

- kg™ - b R [ TR T R T e R TR

Protective ventilation; Lung recruitment maneuver; Driving pressure; Colorectal sur-

IR, AR S AT HUGE <, 4R R4 +F
R R 259 | 55 15 1 24 ) S AT i
SRR  RFRE B IO RS A R
HREEHRIE R, & E Fi0, 40%,1: E 1:2,V, 6
ml/kg, PEEP 5.e¢mH,0"° | 4% RR,4E45P,,CO, 35
~45 mmHg, I BERRF-TVIG CO, K&, 4iRF
KM 12 emH, 0, £ Trendlenburg A ( 3k
IS 30°) o XG RN IG L BDHEATEE 1 il
sk, LAJE & /N PEEP 3% 169 il &2 5K 1 ¥k,
PEEP 337 . PCV Bk E AP 20 emH,0, % 5 1K
I 3TN PEEP 5 ¢cmH, O, fifi Ppeak i5%] 40 cmH,0,
IFHERFIF I 10 K, FiAE 5 P R B AR PEEP 5
emH, 0, £l & 5K 11 K F J5 2k vev B Kk 2
B Sy RN JE L BRI AT 1 Ukl A 5k 45 1k
SUE G FREAT 1 &k, it &2 3k Jr =Ch PEEP i
R i A2 sk i 7 X5 28R XG 4 DZ A
sk e, FAREEHR AR E %, R A5 6 RS bn i
JEWRBRAAE A, RSN B 5K AR B BRI
Ui 2 22 T 58 St , B Wi 4 B T HRIE9E N 0L R
7T, AS H BT R AR HMBSE S,

MERIeAT  FEIE AAEE B L R KIS
RIZI A28 1 Wil & 5k 5 60,120 min , 4K & 1 1)
Ppeak (AP, 39 F 1 iR B 50 4 HUBE sh bk il 32647 1
SA3HT i T PaCo, 1 P, CO, , iHE A G155 01)
R 43 T 2% (Qs/Q) 1 o LS A S5 i s gt
N 7 5 =y 1 o7 D 10 i R 1 S 1L S
NGS5 G, % T BRI 52 5k g 58
KA .

it oA SR SPSS 21. 0 Gt AT 5k
BT TR TR AR PRI 22 (wts ) F7R, TR
PORHLBCR X K5, 4R FL R T 22 F K iR
YT, N BRI 5 LSD— /58, P<
0.05 WERAGIHFEX,

& R

AWFFILA R 62 B, Tolids GB K IER



Il PR JRR -2 25 2021 4F 3 55 37 %5 3 ] J Clin Anesthesiol ,March 2021, Vol.37,No.3 - 259 -

SHBFVEN A BML ASA g FARMEE R
JE s TR R AR B[R] 25 S R Ge i F (£ 1)

S I HA 5 1 R 5K S B Z 5 1 Wkl
k)G 60,120 min =% Ppeak ,AP B . TH 5 (P<
0.05) . SHRAHTILEL, 55 1 I k5 BN 2] 56 1
Vi K J5 60,120 min = 4H Ppeak . AP B i T}
(P<0.05), XG ZHA SJ A5 1 Witisg sk Je B2 5
1 A& 5K 5 60,120 min Ppeak AP B B A% T DZ
H(P<0.05), % 1 Wi k)5 120 min B} XG 41
Ppeak AP BT SJ 41(P<0.05) (£ 2),

S IR LR, 5 1 R 5K S B Z 5 1 Wkl
ZiakJa 60 120 min =41 Qs/Qt Bl B T (P <
0.05) ., XG ZHA1 SJ 455 1 Wil k)5 60 120 min
Qs/Qt [ BAXT DZ 4H (P<0.05), = AR A
PaCO, .P,,CO, Ol ZR TG H#EX(£3),

SRS IR SO K AR )RV & R
RESRTHEITFRE (£ 4) . XC AR (8.7
+0.7)d,SJ H(8.8+0.8)d,DZ 2H(8.9+0.8)d, =41
FEBERT ] 24 7 TG 257 L,

Wi

ABIESE L 1 A il 52 sk A, 51 R BEA LA
S i DR P AR S R, 5 2R R il KR

IS PR e 3 AT A T I R 5 ) A BIR S T A i
S TEE &

RIS | E M T AR AUE T N T R WL 1)
Sk, FARTE B4R Trendelenburg A iE PN I 7
J 368 JUILAGEE e s A i 3 — 20 388 8 e R DI
N IVA N NS = N A DA W =N A S R =
Ko E AN K W g 27 Al R AH 628 4k, AT
5B~ SME M Trendelenburg 1A 137 J&5 , Ppeak . AP Ft
i, 52 5K Ppeak (AP FEAIR - d5cIT [ — J0U 25 A6 )
Pk 8L AP 5 PPCs %Az i) KUBS Z 8] 9 AH OGHE , AP
5 TFE 1emH, 0, PPCs & AE RS T 1. 16" . 5
Ferrendo 25" (5T 25 M), B SR AETFIEF A
Vi PEEP 12 cmH, 0 B65 it %2 ik 5 PEEP 2 cmH,0
Tolifi 5 5k e AT RECA D AR 5 I Z0E {5 BB BGE il
JRE T A B S AE PEEP U 5E Pereira
AR08 A SR Y A I A5 S (A Ml AR 4 AP
T BB S AR AR AR AR O R R i R iR g B
5

s gk s 35 Qs/Qt, St i & 5K 5 Qs/Qt
AR T AR HRHAT I 52 5k, DU il 52 5K T B AL
it S i 1t B il 5 sk T s/ il PN A ik, TR B Ak
IR 5 8 2 SR S g, e AR E I O e 2R O
MEE B HE R G IIRE, AR GCR R, A B E

®1 ZHBE-RBERBLLE

aml s B/« A s BMI ASA Hhw gl SEEHE FARMFE
ZHH 5 . .

() (%) (kg/m”) I/ 2% (f51) () (min) ('min)
XG4 20 13/7 65.9+9.4 21.7+2.1 4/16 8/12 131. 1£21. 4 177.0+36.0
ST 21 12/9 66.4+7.9 22.3£2.0 4/17 11/10 120. 4£27.5 174. 6+30.3
DZ 4 21 12/9 66. 1+8.9 21.7+2.1 6/15 12/9 125.7+23.6 175.2+30. 1

K2 ZHBELRFMN S Ppeak AP BILL %L (xxs)
\ " 1R 1R 51K < e
T tx A B e G ] , AT
ok J5 Bp %1 k)5 60 min 7K J5 120 min

XG 4H 20 15.4+0.7 20. 8+0. 8" 20. 4+0. 5" 20. 7+0. 7" 15.7+0.6

Ppeak
P ;4 21 15.3+0. 6 20.9+0. 8" 20.5+0. 6" 21.4+0. 5% 15. 620. 5

(mmHg)

DZ 4 21 15.4+0.6 22.9+1. 4 22.3+0. 6™ 21.5+0.5" 15.7+0.6

XG 4 20 10.3+0.6 15. 8+0. 8" 15. 4+0. 5 15.7+0. 7% 10. 7+0. 6
AP

SI4H 21 10.3+0. 6 15.9+0. 8" 15.5+0. 6™ 16.420. 5" 10. 6£0. 5
(mmHg)

DZ 4H 21 10.4+0.6 18.3+1. 1% 17. 320. 6™ 16. 5+0. 5™ 10.7+0. 6

0. 5HE)E E,  P<0. 05 SR T HLEL, " P<0. 05; 5 ST 4H b4, P<0. 05; 5 XG 4 I #¢, ' P<0. 05



- 260 - I PR BRI 2 25 2021 4F 3 H %5 37 55 3 1 ] Clin Anesthesiol,March 2021, Vol.37,No.3
%3 ZHBERRMA P, CO, .PaCO, TS NEEISHRETEL B (x2s)
_ N %1 RIS 8 1LRIE 551 WRIE s
Ei=un Hn B HEE _ , B
K 5 BNz % J5 60 min )5 120 min
XG4 20 35.9+5.3 35. 6+4. 1 36.5+5.2 36.0+5. 1 37.2+4.3
PaCO
: SJ4H 21 36.2+4. 6 36.5+4.0 37.3+3.8 37.5+3.6 37.9+4. 1
(mmHg)
DZ 41 21 36. 4+4. 4 35.7+3.2 37.1+3.3 37.1+3.3 38.0+3. 4
XG 41 20 34.5+3.5 34.6+1.8 33.9+4.2 33.2+3.2 33.5+2.3
P,.CO
e SJ 4 21 33.7+4. 1 33.8+1.5 34.6+3. 4 33.6+3. 4 34, 24207
(mmHg)
WA 21 34.2+4.7 34.6+3. 4 36.1%3.5 36.2+2.5 34:3+3. 1
XG4 20 478.7+75.3 512.8+57.8 512.8+57.8 523.2+66. 1 535.4+63. 1
o1 SJ 40 21 474. 4+67.2 505. 8+56. 8 505. 8+56. 8 496. 4+58.9 512.7+54. 5
DZ 4 21 468.2+71. 4 491.9+64. 1 491.9+64. 1 492.2+54.0 491.3+57.0
XG4 20 7.8+0. 8 10.3+2.9° 13.0+4.2 10. 0+3,2° 8.5+2. 1
Qs/Qt
(%) SJ4H 21 7.9+0.9 10. 8+3. 2" 13. 1+3.7 13.2+3.5° 8.8+2.3
(2
DZ 21 7.4x1.3 11.5+3. 4° 18. 6+3. 8 18.6+3. 8 10. 72, 2%

. 5 A A, P<0. 05,5 ST 4R ,"P<0. 05,5 XG 4 E#L, “ P<0. 05

F4 ZHBERGRHEBBENTOREE ] HI( %) ]

20 531 1% I e e RUANL
XG 41 20 0(0) 5(25)
S| 21 0(0) 5(24)
DZ 41 21 1(0) 6(29)

A Bl iR gy Rl WX i 2 A A7 O RIMEE e e [] 22 5
TGt 2 S, AT i 5k 5 00 995 191 R B ] 45 e
FEE A O R OC, A il s Jili &2 7K % 1S 145
e B

H Fi# A RM st 8050 5 S fas il ik, SRR
TSl il it 52 555 RIHE BRI ML 18 S F- 4 B =X, 1
JPRIRAIL 18 A <04 9 19 R g B A 3 R A 2 40
emH, O [AFEST , FRLem il N 723 60~120 s, I
T TRT B PREE(H A R M LA R, AR 3 R K
Wor , PR 8 kg OF IR ML A 1 i BsF, ] BB S K IE
Fe, SRR A PRI B .V, L 7R VOV AR
XN BRI PEEP, B 3~5 IRIFFI S LA 4 ml/kg
()3 B2 28 A5 38 m v, , B E]AF] B bR Ppeak (1 40
emH,0) FFI 3~5 5, BRI AR V., BT ZE R K
-, PEEP 39 78 PCV BT, LI AP 15~20
emH,0,PEEP LA 5 cmH,0 3438 4 30 ~60 F2— K 1

% Ppeak 40 emH,0 1Y H 45 s 1 457 PF % 30 ~ 60 s
Jei , 2 S )3 i, AP PEEP 8% 3144 [ It /K
-, AR IS T AN [W] il A 5K vk A e s e
TR AR 25 R R PEEP i3 L T
P HEEHRNE R KBOR . INIABFFEE+% PEEP i
HOVE TRt A 5K

it 52 5K AR G Ak 2 B 1, PR MRS LR i PEEP,
FARP LRI Z TR, AR5 E5 R o, i
SRS 1 A% 5K 60 min B Ppeak i1 AP Bl
WK, 22 5 RG22 S MAE 120 min I 22 524
Geiter i 3, REA UL T BRIt A2 5K W] LARSE 60 min
AR Z o585 5K 19 6] B B (8] 45 15,30
min"* (HAHSCAF 55 I 1% A5 kA S it &2 3k 14 5% i
PINEE 5 B85 5 1T Unzueta 251 78 B BLF AR o i i
S KA IR 0 s LU Ak S il 1 A 3 A el 2 R
ESEEIREY N

Jiti %2 5K 1Y Ppeak A 40 ecmH, 0, A W57 3 B fili
kI SGE W R AE 50 emH,0 BRI, S M0 %
AR L LA 5y — A IRl 1L 3h 77 2
FE AT Tl 2 5k 5 HR AT MAP K UL @454k
A el A ok T T IR DL 2 B B P R
HE A g L) b s HE SRS T R % Trendelenburg
AN Xl s 1) 38 A %

It DR T A8 /N T A 0 I AR il 22 AR



Il PR JRR 2 25 2021 4F 3 55 37 %5 3 1 J Clin Anesthesiol ,March 2021, Vol.37,No.3 - 261 -

K 2RI R MK B E S BEZE R AR,
ISR IE R AN RE 1 85 B 0 il B ik, IR A il &2 5K A
B 2 [ i 0 T i, A B A5 o7 FH DA AR Fe il £
BAETFHORE" . AMA PEEP fefE (22 R K A
Gl e JEL R RN IR | I P 2 i B R B R R
SERZMR R RO il AR S R,V
PEEP i & ik A ARS8 H AR5 B T &
IR QS N < [ ) S N L O i N
J—_E}£[10,13—14] N

AHIFFE A 3595 5] A TG It 9 A AR A L0 Ty
REARNT AT J o, F AR AE R 7% O 5%
Mg AE 70N DL K iti 52 5 XoF 1408 2 A9 5% il e, 1 0 A7 PR
(] sk £ — S0 o B 1) 5 IR AR S Hh AT LA, i
H—E B R PR

Zx Lk fili &2k 5E R AR VR 0 3K 3 e, ol s
W DIRE, 7 SR AR FREMLIG & 3k, (R
MR IE AR AR 5 5K T Bk A RS &
1515 T AR S0 %y s 3 e 3 A SR B I 2 3

2 % x #t

[1] Unzueta C, Tusman G, Suarez-Sipmann F, et al. Alveolar re-
cruitment improves ventilation during thoracic surgery: a random-
ized controlled trial. Br J Anaesth, 2012, 108(3) ; 517-524.

[2] Kacmarek RM, Villar J, Sulemanji D, et al. Open lung approach
for the acute respiratory distress syndrome: a pilot, randomized
controlled trial. Crit Care Med, 2016, 44(1) . 32-42.

[3] Ferrando C, Soro M, Canet J, et al. Rationale and study design
for an individualized perioeprative open lung ventilatory strategy
(iPROVE) : study protocol for a randomized controlled trial. Tri-
als, 2015, 16 193-199.

[4] Neto AS, Hemmes SN, Barbas CS, et al. Association between

driving pressure and development of postoperative pulmonary

[5]

(8]

[10]

[11]

[12]

[13]

[14]

complications in patients undergoing mechanical ventilation for
general anesthesia; a meta-analysis of individual data. Lancet
Respir Med. 2016, 4(4) . 272-280.
Ferrando C, Suarez-Sipmann F, Tusman G, et al. Open lung ap-
proach versus standard protective strategies; effects on driving
pressure and ventilatory efficiency during anesthesia-a pilot, ran-
domized controlled trial. PloS One, 2017, 12(5) : e0177399.
Pereira SM, Tucci MR, Morais CCA, et al. Individual positive
end-expiratory  pressure  settings  optimize ' intraoperative
mechanical ventilation and reduce postoperative atelectasis. An-
esthesiology, 2018, 129(6) : 1070-1081.
The PROVE Network investigators. High versus low positive end-
expiratory pressure during general anesthesia for open abdominal
surgery (PROVHILO trial) : a multicenter randomized controlled
trial. Lancet ,2014, 384(9942) . 495-503.
Ferrando C, Soro M, Unzueta C, et al. Individualised periopera-
tive open-lung approach versus standard protective ventilation in
abdominal surgery (1PROVE) : a randomised controlled trial.
Lancet Respir Med, 2018, 6(3): 193-203.
XU, MG, B, S M ORGP PE R o I I
R T AR LT BE MRS RE XA G IER I A HE2 . 1
PRI .23, 2019, 35(4) ; 344-347.
TATEAS, ZREk, WFIA, 5. AR AL 5k J5 TR AE M I 5 i
H-OIBRAR TR L. RIEEESE, 2019, 42(5) : 283-286.
Kacmarek RM, Villar J. Lung-protective ventilation in the operat-
ing room individualized positive end-expiratory pressure is
needed! Anesthesiology, 2018, 129(6) : 1057-1059.
JEUMER , TR BE, T SCHE, S /N R RORIE TR S
TR A2 gk X 2 AR AR K T B8 A SE . Il DR il R 2% A
2018, 23(5) : 806-809.
BALRIL, SN, Fil, G Rk AR X I R T
i KRR A R e T AR O SE . I PR BRI 2 4% 7, 2019,
35(1): 8-11.
AEEL R . BRI R P SR S iR
%#,2019, 42(9) : 529-532.

(ks H 3:2020 - 05— 11)



