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WF 0K 3 5= #0 K I3 Bl BB 7 % 7 HY =2 i

kWHE OE O OL OKEX B B OIXE

W OE BWM U5 G S A IR B AR B A R W I 7 = A S OF: & A ( postoperative pulmonary compli-
cations, PPCs) YR, Joik 148 62 Bl S ML T RIATHIDR B I AR M B3 BEFIR 18 ~65 %, BMI=35kg/m® H & I M IR
W5 15 IR | 7R G I RE 25 4 9 B BMI=40kg/m” | ASA 434 1T ~ M 4%, BEML 2 A% HR 4L (PVG 4) M LL 4 (IRV 4H) , i 4 ¥y
K FH R J7 4 i 28 i AR E B B (PCV - VG) |, 871 38 AU 7 DL 2 45381 < i (tide volume, VT) 7 ~ 8ml/kg, FF W 45 % ( respiratory
rate, RR) 12 W/ 208 o S U ZLOIE LE (1 B) BEE D 201, WFBRZL 1 E 1 2 30 s VB A S Smin(T,) EJG 15min(T,) |
30min(T,) .60min(T,) ,F-ARLEH (T, ) B {9 P S5 2% 58 bR A2 55 2l 25 Bl R 1 ( dynamic lung compliance, Cdyn) B I JE ( peak air-
way pressure , Ppeak) - & F ( plateau pressure , Pplat) F1°F- 345 B H ( mean airway pressure, Pmean) 45, U B Rl (T, ) T, ~ T, 3h
Jok A 34T M0 A3 A, TR TR 3 (dead space fraction, VD/VT) 8 AR ILFE 3 1 2% S 80 ARG 5 1.2 K8 IF & AE 19 & AL 1 0L
D7 RWBMEAAR, &R SXTHEALE, KA T, ~T, i Cdyn,Pmean IS K IE J& ( positive end expiratory pressure,
PEEP) %/} JE (Pa0,) AR T+ H (P >0.05) ;T, ~ T, 1 Ppeak .Pplat T, ~ T, i VD/VT W B 4% (P <0.05) , B4 A5 ¥ & A i
BROFRAE, o 1 POF R B2 R RE 2 L, 18 TRHE 2 SR 5B U AR 0 A8 L JHE 82 b B L3l SO 0% T

R AR =
XER REAR RS R MREEAER IR AE
FESES  RI64.2 XERARIZES A DOI 10.11969/]. issn. 1673-548X.2024.01. 033

Effect of Inverse Ratio Ventilation on Respiratory Mechanics and Postoperative Pulmonary Complications in Morbidly Obese Patients Under-
going Laparoscopic Sleeve Gastrectomy. ZHU Liping, WANG Fan, ZHANG Chuanwu, et al. Department of Anesthesiology, The Affiliated
Hospital of Xuzhou Medical University, Jiangsu 221000, China

Abstract Objective To observe the effects of inverse ratio ventilation on respiratory mechanics and postoperative pulmonary com-
plications in morbidly obese patients during laparoscopic sleeve gastrectomy Methods A total of 62 morbidly obese patients for a laparo-
scopic sleeve gastrectomy were scheduled (18 —65 years old, BMI=35kg/m” in combination with diabetes, hypertension, hyperlipemia,
and other metabolic diseases, or BMI=40kg/m*, ASA I or Il ). Patients were randomly assigned to two groups: inverse ratio ventilation
group (IRV) and control group (PVG). Two groups were adjusted with an actual tidal volume( VT)of 7 — 8ml/kg, and respiratory rates
of 12 breaths/min. In the IRV group, the ratio of I: E was 2: 1; in the control group, the ratio of I E was 1:2. We recorded the indexes
of respiratory mechanics and the blood gas at the baseline (T,) , Smin after anesthesia(T, ), 15min after pneumoperitoneum (T, ) , 30min
after pneumoperitoneum (T, ), 60min after pneumoperitoneum (T, ) and the end of surgery (T, ), and the occurrence of pulmonary com-
plications on day 1, day 2 after operation was observed, and the cumulative incidence of PPCs at 7 days was counted. Results Compared
to the control group, the dynamic lung compliance (Cdyn), mean airway pressure ( Pmean) , positive end expiratory pressure ( PEEP) ,
and the PaO, at T, - T, of the inverse ventilation group were increased significantly (P <0.05) , the Ppeak Pplat at T, - T, and dynamic
lung compliance(VD/VT) at T, — T, were decreased significantly (P <0.05), and no difference in the PaCO, and P, CO, in the two
groups. Grade 1 pulmonary complications occurred in both groups, and there was no difference in the total occurrence of pulmonary com-
plications at 7 days. Conclusion Inverse ventilation effectively may improve respiratory mechanics and oxygenation in morbidly obese pa-
tients undergoing laparoscopic sleeve gastrectomy.

Key words Inverse ratio ventilation; Morbid obesity; Respiratory mechanics; Laparoscopic sleeve gastrectomy; Pulmonary compli-
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e SR Bk R HE K = 35kg/m” HA A 2 AR
PRI 5 ML | 5 G 0000 3 R B = 40kg/m® [ — Ff
PRI 97 , 9 285 A PP oF 2 338 o o R 7 AR T ™ T
B R T R 2 X e R R A AR T kY
B AR RE i 1S 22 K TR B SO R IR g A
BRI L AR R A AR R W L R
e il TR 8 B A A B S e, K 2 30% B2 37 9
HEF-A (1 2B 3 A5 1l T R B A ELAR 5 il 35 1 & 68 19 &
AR T R L R B IR S R
WP 8 2R G AR I H BOR YT HoRE W F s B A 1
G AT WE ST LI SO0 o A I A I s B
R TFAR PR ARG B ST R A Akt
9o A JIE e A 5 8 Ol 2 T R o R A R S il R
RAE 2R, LS 0 25 T e £ o LR B0 O i A P 4
e — B L

BRE A%

L — Gk % W 50 2 — T I B M Bl L X IR

5, T 2022 42 ~8 Ak, REFHERE SR MY

GUos e (12 3 2% H 5. XYFY2022 - KL172 -
02) 3 5 B EH T MG R 2 A5 )5 , 62 519 25 0 e £ 35
AT I B B AR 1 U TR AR R 18 ~ 65 4 BMI=
35kg/m® H-G I i i e WE DR | 5 B I S A i
PR BMI = 40kg/m”, ASA 1T ~ I 2%, B 4 %A~
B HEBR bR . O S AR A M0 IE 05 s 320 0
WUBERE ™ O R Q) I R SR
e 3 B e R e S | I R R kg | G e R
T i T AR s Rt A R I R e Rk U M | I
JUE B Ty he R A Y R S BR AR v . O F R B RIR T
3h FH ; QAP LA >800ml F ;@IMLHEH <70g/L
R

2. FEALAG R SR A R RS S TR
BEMLECTFRIEB I M2 (n =31) X IR [ 4%
il 25 AR UEIE AL (PVG 41) ] R HL 4 [ R 7 45 1l 25
AR LA AL (IRV 41) 1, 6 X B W 0p B (1
E)RE N2, R H W e 201, /35 SE R
J135 3 H AR AR AR AT R R SR B 1y
60% ,E. i 2L/ min IR A5 R 12 Y/ 40 B, 38 1 i
W 4R RS K L E AR 43 HE (end - tidal carbon
dioxide partial pressure,PetCO,) 7£ 35 ~45mmHg i [
P, 25 IOk 420 I < 93 % B0 TR M it 30mmHg
I TR 2k IR IR LI E O 10 1.5 1Y
I E 38 i sl sl i <

3. RRBETT 5 BB S S H I G kO ST 0
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R IRT AT B I R A I 40 T E B, O T RR B 5
IF Ko A i ffi FH LA S 00 S e 00 L AR 2 (train of
four, TOF ) 1 JFR Fie 8 B2 M 0 A3 Wi 00 JBR 5 3% 2 ( bispec-
tral index,BIS) . WK IHS . B e £ A 3min, fZFRAR
RE [ HAEAE (kg) = B (em) - 100 (&1 105) ]
Ik 45 T WK 35 S 0. 05mg/kg MK T K R 1 5 W
0.3mg/kg EFI¥KJE 0. 5pg/kg B EIR 4% 0. 6mg/kg.
JEA T Smg HLFE KA, 24 TOF (BN E 5 2 116 A
B R LA T AL BOE R R I
I g s R IR RS (PCV - VG) U i
5 i MRS PR o 2B W L B IR TE N TR 4 ~
12mg/ (kg + h) ,FiIF KJE0.1 ~0.3ug/ (kg - min) , M
A 1% LG BE , TR HR S JRR e % B2 e I 3G 7 e A
My Bz B 25 0K e 2 L, R A5 RR I A% 3E 0 4 (B R 5 AR
40 ~60 0 Bl P9, fdf T I A7 35 1 24 ) ful ol e 4 4R A
B E Y 20% , T 4EF L3R 3 ) 27 i A8 2 P, 24 TOF
WIEEA T 1 ~2 BB LS . B 8 U i
BN 15mmHg, 24855 TR 45 HHT 30min B 45 LA
2554 e I W Ik 25 1 1k ik 25, T R S A LA
PO, S B B VUE IR UK 52 3K 3 H045 b
JE R BRAE FAEEA PACU JF T LI,

4. MEAE bR ST UE S Smin(T,) , U5
15min(T,) .30min ( T,) .60min ( T,) & F &K 45 5 i
(Ty) B IR W I3 2% 38 bR 00 45 30 2% i 7 4 ( dynamic
lung compliance, Cdyn) , 43 %P8 < i (MV) SIA 1 &
( peak airway pressure,Ppeak) .S 8 & (mean air-
way pressure, Pmean) . “{ il F 5 JE ( plateau pressure,
Pplat) VT WK 5K 1F & ( positive end expiratory pres-
sure,PEEP) . [ IS 7E BRI AT (T, ) S T, ~ Ty #% I ] i1
5 Bk I AT 0 A A, T 5 TG R % (dead space
fraction, VD/VT) = (PaCO, — PetCO, ) /PaCO, ,iC 5& Fk
BERT(T,) Mo T, ~ Ty B2 3 Bk 0 3855 13 30
FER MBI R R S AR BE D e A
oL IR B HEARFTH 1 R B2 R AT KA
fiti %% 3 & 4E ( postoperative pulmonary complications
PPCs) RFKAEAEIL , PPCs EEATH A Ay il A
g J R RR il AR ZE R IR W R 0 A A 2 S
Wk [4 ¥ PPCs BEAT 2020, L7 1568 PPC 20 5 2%, H
H 0 AR SR T A AT I IR SO AE , 1 208 3 BN il A
5K L J0 G Al D AR B AR S R R R AR IR R
37.5°C WUk SO R AR AR R A AT AT — Bl AR
RN 32 58 A A 1 RH L 28300 Fe) s 358 O i 3 o
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FEA ARG Cdyn B9S2 56, %) IR ZH A S0 2H %0 +
FRUEZE (x £5) 490 29.7 £6.2 F134.2 5. 2ml/
emH, O, MRIEK B K #E o =0.05, K s 3k fie 1 - B =
0.9, I HREAE 56, % 18 10% M %, IEA 62
il . 15 SPSS 26. 0 Bk AT U8R 19 48 3% 4
Br, R H Shapiro — Wilk % 3% i1 & £ ¥ B &5 & ES
P, Levene 77 15 46 16 B4l 1) 77 22 557 5 LLIIAL + #5
WE2E (x s) K F R RN IE 25430 A A B | 201 1) L 35 R
FH o A 56 5 21 PN S [ B ) e B A SR FH 42 00 o O 22 4
Br s S8 A A G I 2 0 A I LA b 57 % (Y 4 7 %
BIEE) [M(Q1,Q3) ]/~ ;KR H Mann — Whitney U £
B AT 4L R R, o 28R R LB (A A )
[n(% ) 13RR THERERHE T x* K23, DL P <0.05 2
ZRAGIFE XL,
& g

AR — LGy A 62 BB HEBR A B 2 1 f1
AEEF AR 3h 5 F, T & A G250 81 56
i, b HE 4l 27 ), S He gl 29 B,

1. PO BB — B O B B¢« X RE A AN R L 2 1Y
SRH EAR WY MR BMI L ASA 434 W AR s FEV, |
FEV /FVC | I W PR s B W L 38, 22 5 o4

R (R,

F1 FHHBE—RERNLE[ (%) ,xzs]
i H PVG 4 (n=27) IRV 4 (n=29)
PR (5 M/ 2ot 7/20 8/21
EWE (S 30.71 +8.13 33.65 +6.36
BMI(kg/m*) 38.80 £2.55 38.87 +£3.79
JAR P A 1] ( min) 127.68 +6.27 128.13 +7.12
TR} H] ( min) 107.06 £9.82 107.03 £11.33
2 AR 6(22) 8(28)
ASA 11/10 9/18 10/19
FEV,/FVC(% ) 0.86 +0.03 0.84 +0.03
FEV, (L) 3.44 £0.37 3.51 £0.49
Il 12(44) 14/(48)
IR IR 14/(52) 17/(59)

iﬁ(ﬁi( ml)

1425.3 £256.7

1353.8 £234.3

FEV, . 55 1 #2HJ7 SUE FR FVC. T il 3

2. T 4 A () N I R g 2 2 RO L
T, ~T, B@C(lyn\Pmean\PEEPﬂgﬂ¥Wﬁ%§ﬁ%§fﬂﬂj
RCHWI R R TXRA, 5T, K, T, ~ T, i Cdyn
THHESESIT¥EX,T, ~T, i Pplat Al Ppeak
ot FR 2 WY SRR (P <0.05) M4l MV i S L
B, ESLGIFEX(P>0.05,82),

®2 WMABRERENME

ERBENZSHPLR (x5)

i H 21 51 n T, T, T, T, Ts

Ppeak (emH, 0) PVG 41 27 21.61 £3.01 23.39 £2.08* 23.74 £2.06* 24.03 £3.09" 23.84 +1.55%
IRV 41 29 22.58 +1.86 21.48 £2.47 " 21.81 £2.07 ¢ 21.84 £2.58 21.77 +2. 14"

PEEP( ¢mH,0) PVG 41 27 3.10 £0.54 2.97 £0.18" 2.97+0.18" 3.00 +0.00" 3.13 +0.437
IRV 41 29 6.42 £0.67 " 6.03 £0.84" 5.84+0.73" 5.77 £0.84 " 6.19 £0.95**

Pplat(emH, 0) PVG 41 27 21.84 £2.91 23.16 £2.13* 23.65 =1.85* 24.00 £2.52" 23.52 +1.617
IRV 4 29 20.58 £2.03 20.90 +1.68 " 21.13 £2.06 ¢ 21.16 £1.88" 22.00 +2.37**

Cdyn(ml/cmH,0) PVG 4 27 33.74 £5.72 27.48 £5.89" 26.65 £4.64% 26.97 +5.20" 32.65 £5.39"
IRV 4 29 37.00 +6.09 " 31.16 +6.66 ** 30.16 +5.98 ** 31.10 +5.23 " 36.55 +6.49 **

Pmean(c¢mH,0) PVG 41 27 9.52+0.72 10.29 +0.97* 10.52 £0.93" 10.65 +1.52* 10.74 +1.03
TRV 41 29 16.16 £1.63 16.29 +4.39** 16.45 +1.48" % 16.52£1.50" 17.13 £1.75 "

VT(ml) PVG 41 27 499.97 +35.68 523.26 +41.56 522.35 +34.64 524.71 +51.79 509.03 +41.09
IRV 4 29 468.00 £40.36 478.26 +42.82 493.06 +41.61 496.13 £36.03 508.29 +27.58%

VD/VT PVG 4 27 0.22 £0.06 0.18 +0.08 0.26 £0.06 0.28 +0.02 0.27 +0.01
IRV 41 29 0.21 £0.04 0.17 £0.05 0.18+0.08* 0.20 +0.02 0.21+0.02°

MV (L) PVG 4 27 6.93 +0.81 6.71 £1.24 6.81 £0.93 6.89+1.13 7.41+0.93

IRV 41 29 7.13 £0.74 6.60 £0.86 6.56 £0.56 6.52+0.51 7.50 0. 84

PetCO, PVG 4 27 39.39 +1.82 38.90 +3.18 39.16 +2.64 40.68 +2.37 39.52 £2.57

TRV 41 29 38.39 £1.69 38.97 £1.60 38.58 £2.50 40.10 £2.53 38.26 £2.45

5T, lhEE, " P<0.05;5 PVG A4, *P <0.05

3. VA BB AN [R) B[] A0 040 BT I3 3 ) 2 S
B LA . G 4 45 B[] S5 A PetCO, , PaCO, , pH M Ifil
M SHEFH LG FE L (P >0.05) ;1M

PVG 4 T, ~T, B9 VD/VT KT 2 (P <0.05) ;
IRV T, ~T, Ay PaO, 4%} B 20 W1 8 T+ (P <
0.05,%#3),
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®3 FHEEARMHEBESOSSW MR NESE (v x5)
5 H 25 %1 n T, T, T, T, T, T
PaCo, PVG#H 27 38.00 +3.95 37.75 +4.13 40.34 +4.78 40.46 +3.94 40.60 +4.02 40.55 +4.32
IRVA 29 37.63 +3.50 35.93 +3.01 39.58 +3.24 39.49 +3.80 39.39 +3.54 40.30 +3.94
Pa0, PVG 4 27 86.80 +8.76 169.40 £64.10"  168.33 £53.00%  160.44 £51.99%  174.57 +59.47%  207.26 +57.10*
IRVA 29 84.90 +9.01 241.00 £77.88 % 214.00 +66.31 ** 219.30 +66.13 "% 241.00 £61.95"* 256.60 +61.20 **
HCO; PVG 4 27 25.20 +3.43 24.44 +2.60 23.99 +2.48 24.55 +4.21 24.35 +4.29 23.93 +2.89
IRVA 29 24.30 +2.18 24.56 +1.31 24.04 +1.17 23.87 +0.99 23.65 +1.13 23.40 +1.03
pH PVG 4 27 7.41 £0.04 7.41 £0.04 7.38 £0.05 7.38 £0.05 7.37 £0.04 7.38 £0.04
IRVZH 29 7.42 £0.06 7.42 +0.04 7.40 £0.04 7.40 £0.03 7.38 £0.03 7.39 £0.04
MAP(mmHg) PVG#4 27 89.29 +8.90 78.29 +6.35 77.10 £7.65 78.65 +8.43 75.48 +9.18 78.26 +8.66
IRVZH 29 90.80 +8.67 81.10 +6.52 78.74 +6.24 78.94 £9.25 77.74 £6.97 78.06 +7.84
HR(K/4y) PVGH 27 77.00 +10.33 75.87 +10.98 75.10 £9. 13 70.45 +10.34 69.84 +9.62 74.58 +6.79
IRVA 29 75.97 +7.00 73.39 +7.46 72.13 £7.31 70.42 +7.38 70.29 +8.11 72.45 +5.84

5T, i, P<0.05;5 PVG 4 4, 7P <0.05

4. A S BRI KR A AL FE A5 A ELEE . PVG LA
IRV HEARGEE 1 K 52 KERE 7 KN PPCs A

R4 MAARBFPPCsXERB/R REB

GO, 22 R TG EE P IRV AR5 H
I 14 & A2 R N T PVG 41(P <0.05,% 4)

% AERRE B LB [ n( % ) ,M(Q1,Q3) ]

21 51 n ENEE RIS REH 2 R 7T RBREAE JA IR 1 B i R] ()
PVG 4 27 10(37) 13(48) 18(67) 12(44) 2.0(2.0,3.0)
IRV 41 29 8(28) 11(38) 15(52) 6(21) " 2.0(2.0,3.0)
5 PVG 4l tb#, " P <0.05

i it FEJ1REG I, AR, I il AR 2 R

o7 785 S JHP 0 ofe e 7 3k, LR 5 | RS A PR | g I
N I S A R L AR B BR T R A R g
SN, A B R BRI MO 3 i — 20 B AR T L T AE
PR RIS 3 4R 25 5 5 BUIR SR ILIE , RIS N
TR e B A TR B 1 A B B WM B BMIL 3G, R
e BT I 2 A A B st [ B 4K g JRUB: A e téon o

AHIFTE R, 7E 4 B BRI S0 18] 995 25 BE i A8 3 L
JEE e 119 R 3 i AS 5 1 A 3R v L R i AS ik Tl
PAFRFZE 24h DL b DTS 2508l KA 4 it 55 B 52 7 BF
W s T R AR AL RRGE R AR
A3 A G R TR B, EL 9 FHAE ARDS BB RIR YT ik
P, Go g KRB, 45 i S L8 ST A R
BIL#S Nl B M s 5 AR 3 e i 370 R 0 B3k S oo A e SR
f) FRC, K LG 38 46 58 7 FEACRT ), 38 m 7 A 3
PEEP,FfiZ 1I: E 1: 238 %] 4: 1, FRC & #734m , {2
LT 2010 18 E JF R AR 3 — 25 203 TR R
Yang %" BFSE K B L A8 AT A Bl R 0 1 aE <]
A A RGBT AR RR A I A U T B <
o1 R 3 25 0 7 P | A0S T b 4 BRI R T B
FRREALNT 5455 . Hirabayashi AUV BIESY R AR LAY
N 8 T AR v R R 4 il S L sl 0T s TR
H gl ik AL, A B T A [ IR M T 3 <l
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factant protein A ,SP — A) F1 /& ¥R 5E ¥ ( tumor necro-
sis factor — o, TNF — a)7k¥%1£§7ﬁa‘é“” o
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P AU TE I B 2 RE AR T T AE T b
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