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4, ZFHAETFEL (P<0.05); PAT AT i 569P0,ARHTCHA, T EMPCOAEHTCH, £57F
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Abstract: Objective To explore the lung protective effect of pressure controlled ventilation-volume
guaranteed (PCV-VG) combined with driving pressure (DP) guided lung protective ventilation strategy in patients
undergoing thoracoscopic and laparoscopic radical esophagectomy. Methods 70 patients scheduled for elective
thoracoscopic and laparoscopic radical esophagectomy were allocated into two groups using a random number table
method: Conventional lung protective ventilation strategy group (group C) and DP guided lung protective ventilation
strategy under PCV-VG mode group (group P), 35 case in each group. Peak airway pressure (Ppeak), plateau
pressure (Pplat), dynamic compliance (Cdyn) and DP were compared between the two groups at 5 minutes after
intubation (T,), 30 min after pneumoperitoneum established (T,), just prior to one lung ventilation (OLV) (T,), 30
min after OLV (T,), 60 min after OLV (T;) and 15 min from recovery of two lung ventilation (TLV) (T,). The blood
pressure (BP), heart rate (HR), arterial partial pressure of oxygen (PaO,), partial pressure of carbon dioxide in
arterial blood (PaCO,) and pH were recorded before anesthesia (T,), T,, T,, T,, T, and T, time points. The occurrence
of postoperative pulmonary complications (PPCs) also recorded. Results Compared with group C, Ppeak in group
PatT, T, T, T, and T, time points was significantly decreased, and Cdyn was obviously increased, the differences
were statistically significant (P < 0.05). At the T,, T,, T, and T, time points, the DP was lower in group P compared
to group C, and Pplat at T, time point was lower than that in group C, the differences were statistically significant
(P <0.05). At the time points of T, and T, the PaO, in group P was higher than that in Group C, and the PaCO, at T
time point was also higher than that in group C, the differences were statistically significant (P <0.05). The
comparison of PaCO, at T, T,, T,, T, and T, time points of the two groups, the difference was not statistically
significant (P > 0.05). Comparison of pH between the two groups, the difference was not statistically significant at
all time points (P > 0.05). The systolic blood pressure (SBP) of group P was higher than that of group C at the T,
time point, and the diastolic blood pressure (DBP) was lower than that of group C at T, time point, and the
differences were statistically significant (P < 0.05); There were no significant differences in SBP and DBP at T, T,,
T, and T, time points, and HR at each time point between the two groups (P> 0.05). There was no statistically
significant difference in the occurrence of PPCs within 7 d after operation between the two groups (P > 0.05).
Conclusion DP guided lung protective ventilation strategy under PCV-VG mode can improve intraoperative
respiratory mechanics, and increase oxygenation during OLV in patients undergoing thoracoscopic and laparoscopic
radical esophagectomy, but it does not significantly affect the incidence of PPCs within 7 d after operation. It is
worthy clinical significant.

Keywords: driving pressure; positive end-expiratory pressure (PEEP); pressure controlled ventilation-volume
guaranteed (PCV-VG) mode; respiratory mechanics; radical esophagectomy
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FEI . BEENBEEORBIAWIRRE, IR B 5
BRI C BB T T A, A TR
ARJGIFRAER K, 36 T A JAE B ) (%26
TR i A7 = A A B OB A B i G < (one lung
OLV) , w34 n A J& fif %8 JF % 4E
(postoperative pulmonary complications, PPCs) HJ& 4=
W BRI BT T AR, R I O <
MG, LA R T, SR e, DB A
13, FEAKPPCs YR A (HABTIRY], AT
AR T OR3P SR, PPCs (188 4 A2 5 A4T)

ventilation,
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K IEJE (positive end—expiratory pressure, PEEP) {H
e . WS ok T i M BIL IR A ik 2 FAE Y 445 S 00
o, AN DA AR R SRR i P47 BN AT G o g
il - 25 AR A (pressure controlled ventilation—
volume guaranteed, PCV-VG) # AAY A] #2454
A TE I (peak airway pressure, Ppeak) I ERIAA L)
J O, PE L I HRE A% PR IIE 2 9% 1Y H AR <= (tidal
volume, VT), ©J 3R Film R, H iz a5
GBS 1, PCV-VG M IER FARFLL T A h IR
RIMHE A FREHE S (volume controlled ventilation,
VCV) A 308 A LB AT PPCs IXURS P I 38
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UKZHHE (driving pressure, DP) & VT 5 i 2000 4
MILIE, & S HUGE SR N R 45 R ME— S A DG
WASE ARPOR" R, B ARSI DP
AL PPCs, H T — 01 22 ot KFEA e 511145
SRR, DP ) p Ml O ol AR, IR A BN D
il BT FAR B AE 1 PPCs. Bt n] WL, Bl PR dr 38 <
WG A AR A SRk Ak, JF R R R BB I IR
IR RCR , AT A DA AT BE 237 A S A A it P
PN, i, ARBFEFEPCV-VC LT, ¥ DP %
6] PEEP AR & H T4 7 M I s S 0k 5 s v

1 RS

— R ER

PEPE20234F 5 H —2024 4% 3 A AETTI548 e = B
17 Mg s BRI A B EARIE AR (Ivor—Lewis R30) 1)
BE 700, RABEILEIR NG B E L] H R
i A 4P P AR 4 (C4H) A PCV-VG #E T DP
S AR ARG (P, 356, P41
P OLV B 6] %5 T 60 min, 1491 PR & A= A1 480 I 0 17178
HAESY s CHLEE VB h T FR, 2B &
A IR AENLAE TR AR5 o B AR ST IR0 A 65 17l i

1.1

AREEE T, BERNCAM R R ORI TR F . WABRE —BRER R, 2R 5% E Y
RIS f32% | 484 PPCs (IS4 (P>0.05), BAWLEME. Wik,
F1 WABRE-RABILEK

Table 1 Comparison of general data between the two groups
4151 AER M5 (A /200 1451) BMI/(kg/m®) ASA 432 (1T 9/ M4 ) /5]
P#1(n=33) 66.48+4.79 27/6 23.04+2.36 15/18
C#(n=32) 65.34+5.80 25/7 23.25+3.67 15/17
X AE 0.87° 0.14 -0.28" 0.01
PAE 0.390 0.710 0.778 0.909

et HE; BMIMRTEFEEL (body mass index); ASA 4328 h 3¢ FEREEEE T2y (American Society of Anesthesiologists) 734%.

WARRUE: AFWY45~75%; TERIARFR; ASA 43
Hoh e M 2% ; BMI A 18.5 ~28.0 kg/m*, HEFR AR
HE: A MERTFAS . ARFTHE A SR E R
GIF M E MG, W S VR SR . B
Wiip 28 RS S Y 5K AF s A N PEEP 1948 Rk,
e R RS O R R KOE s A
Oy LB SRBEFIN IS RGN TE4E 2
SR . A ARTLIRE MR BE B B2 (e B 2
Giostt e, BT . 2021 84-002,

1.2 MEEFHE

BEHFAFAEG, EEZURETUEINA:
FIRAE, F3% 4% Sedline G2yt W 3740 W 000 JpR PSR 2,
e BN Dk o B AT IS AT, TR I A A 3
Jhk it
120 B R MU ER DK TR S K Ak e
0.04 mg/kg . PITAM 1.00 ~ 1.50 mg/kg. #7255 KJE 0.3 ~
0.5 we/kg Fl1% EIRER 0.6 me/kg ITIRRAEIA S, FHJS1H A
AHI LS A TR BRI, 17U, 4R
B T B, aRE FEEA LG

i, AEARE SN, SO MEMY, R E
BIEA I E

PUBE A A CHLIERE VOV ALEL, PEEP [
75 emH,0;5 PR PCV-VG I, 52 DP T
PEEP MAfKIRE

123 vReR A4 PR E UM R (two lung
ventilation, TLV) FIOLV &, VT4r548f16 mL/kg
(TR ), T ASEMRIE (fraction of inspired oxygen,
Fi0,) 4 60.0%, WM A1 2, PR 12 ~20
W/min, HEFEFFSR A ALK 53 (end-tidal carbon
dioxide partial pressure, PetCO,) <55 mmHg.
124 B sy RPREEERENIAN . BioFRJE
PP IR, DAERR R AL, PR R RS TR 2L
£ 25 ~ 50,

125 Rga2 RIFHWSTEHEMEN, it
B EWEL S ER o FARZEHAT 15 min, ZERIkE
SHETFRIE 0.1 pg/kg VE R AT i, ARJE Py & 1
FHAHF R O %8 (8725 K JE 2.0 petkg + By FHA] 3
8mg, NIAZEBIER/KZE 100 mL), 178 A FR K

1.2.2
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o MEREECE M Sr7E (numerical rating scale,
NRS) P53 > 470, H2F Al Joild 4% 5 F R K
BURS, JHTHUR, #IRIESS, NRSTFAMI) > 477,
VDK T 5 LG 9 55 T 50 mg,  EA TR RO
1.2.6 DP § & PEEP MRt & FHHE/E S min
(T,). OLV PR AR TLV B, S5l e f 7 ik il
Sk (TLV B ORFFI UK S8 30 emH,0, OLV B {2
FE S S8 20 emH,0, £§2220~30s), Bl #E4T
DP [ (¥ PEEPMAALIE & . K PEEP M 10 emH,0 28
I ZE 3 emH,0, £ PEEP/KF (10, 9, 8. 7. 6. 5.
4. 3H10 cmH,0) FILREF 10D, I THA4
PEEP /K10 s fieJa — Rl I B DP, - e 5 Ik DP AH
XN PEEP 7KF
1.3 iR
130 FAA4n & e An AUHG  RRBEIT ] FoAR IS (A]
OLV I ] gy it DRt AR v i B 2% K e
i EPFRJE R A S S RS PRI
132 "R A FIRAR ICEMARET,. REE
J& 30 min (T,) . OLVHIEPZ] (T,) . OLV JF 30 min
(T,). OLV 560 min (T,) FKE TLV J5 15 min (T,)
{4] Ppeak . S E (plateau pressure, Pplat) I b
IR c3 (dynamic compliance, Cdyn) FDP,
133 A AR AR SRR SET (T,) . T,.
T,. T,. T, FT, B} 5Pk 4 53 J&  (arterial partial
pressure of oxygen, Pa0,) . Zfj ik il — % fk fix 53 F&
(partial pressure of carbon dioxide in arterial blood,
PaCO,) FIpH{H.
134 Az A FHAF BRT,. T,u Too T,o Ty
g T, S 1M & (blood pressure, BP) A% (heart
rate, HR),
1.3.5 PPCs
W PPCs.
1.4 SiFERHE

1EH SPSS 26.0 ZEit =2 Ao i it . AT A IEZS
OIAR TR BORI A B = i 2E (v xs) R, ZHIH
PR ST REAS G286, ANAF G IE S0 A1 A T BT

R BIRAE R, JLRBEARFT

B (DU [M (P, Po) 15578, 4]
55 % H Mann—Whitney UGS ; TR A (%)
FoR, IR HECR A )¢ K5 5X Fisher i UIAR 28 315
P<0.05 HZEFAGIEE XL

2 R
21 MWHEBEFARBEXIERLEE

[ E a7 R 11 I o N N ) AN g T 7
iw, R, RPN FRSSKJEHE . &S e
OB B EMY ERE R E R, Z5H0

it (P>0.05), W2,
2.2 MWMABEARRNSFERIFIEIRIEE

PAHT,. T,. T,. T,HIT, A5 Ppeak B EAK T C
M, Cdjm BB & FCH, ZREAGHIT¥EX
(P<0.05); 5CHltb%s, PYT,. T,. T,MTH} 5 DP
W REAS, T B A5 Pplat W SRR, 22 S 3A Geit2
B (P<0.05). W#3,
2.3 MWMABEARRAMNSHHIEIRIEE

PZHF OLV Wil (T, AT A5) PaO, W] BT C
A, ERAEGITFEX (P<0.05); TS, P4l
PaCO, Ml & T C4H, 2ZRAGIHFEL (P<0.05),
WYLRET,. T,. T,. T, MTHEPaCO, LE:, 257
WG Hm X (P>0.05); Pl BE&m 5 pHIE
s, ZRHRgit#E X (P>0.05). &4,
2.4 WMABERRENSMRENFIEIRIEE

P2 T, i 546 K (systolic blood pressure, SBP)
W& T Cdl, PALT A Ri%F 5K & (diastolic blood
pressure, DBP) BHEARTF C4l, ZRIAGITFE XL
(P<0.05); PIdIEHT,. T,. T,F T, 5 SBP M DBP
I#, PAKASEE RHR A, 2RS¥ E X
(P>0.05). WS,
25 MABEFLIELE

PAARJG 7 AN PPCs KRR 21.2% (7/33), 5
CHIM40.6% (13/32) i, 2R TLH It E XL
(P>0.05),
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Table 2 Comparison of operation related indicators between the two groups
ZH 5 JPREREHST 8] /min FARHFE]/min OLV I [&]/min AR /m L R 1fi B /m L JRaE/mL
PZH(n=33) 275.12+43.17 249.06+43.42 134.94+30.89 2 469.70+483.14 100(100, 120) 400(275, 575)
C#(n=32) 291.78+55.11 269.72+54.25 142.50+36.55 2531.25+474.12 100(100, 115) 400(200, 575)
tZAH -1.36" -1.70" -0.90" -0.52 -0.22 -0.42
PE 0.179 0.095 0.371 0.606 0.824 0.677
215 PR S S /mg Fii 27 K JE HH it /mg FPIFR e HIdt /g % PR H i /mg
PZH(n=33) 972.73+186.04 2.49+0.54 51.21+6.49 274.39+53.67
C#(n=32) 997.19+154.29 2.35+0.47 49.22+5.69 267.03+55.71
tZ1E -0.58° 1.03 1.31° 0.54"
Pla 0.567 0.305 0.194 0.589
T 1R e
*3 WHBETREMNSFERIZERIRER (x+s)

Table 3 Comparison of respiratory mechanics indexes between the two groups at different time points  (x + s)
4151 T, T, T, T, T, T,
Ppeak/cmH,0

P4 (n=33) 14.24+3.20 20.67+3.19 17.36+2.81 21.42+2.04 21.64+1.78 14.58+1.98
C4l(n=32) 15.81+2.13 22.75+2.43 18.56+2.85 23.38+3.26 23.00+2.81 18.25+2.67
fH -2.33 -2.95 -1.71 -2.90 -2.32 -6.30
P1E 0.023 0.004 0.093 0.005 0.024 0.000
Pplat/cmH,0
P#H(n=33) 13.64+3.18 20.48+3.13 16.63+2.99 21.15+1.94 21.24+1.67 13.63+2.03
C4(n=32) 14.81+2.10 21.63+2.51 17.44+2.91 22.19+3.25 21.97+2.79 16.86+2.85
t1H -1.75 -1.62 -1.10 -1.57 -1.28 -5.03
PE 0.084 0.111 0.275 0.122 0.206 0.000
DP/ecmH,0
P4 (n=33) 8.54+2.41 16.06+2.59 12.28+3.01 15.39+2.43 15.55+2.35 9.87+2.05
C4l(n=32) 9.75+2.06 16.59+2.53 12.47+2.96 17.22+3.29 17.00+2.79 11.86+2.85
o -2.35 -0.84 -0.25 -2.54 -2.28 -3.10
P{E 0.022 0.403 0.802 0.013 0.026 0.003
Cdyn/(mL/emH,0)
P#H(n=33) 71.55+15.24 38.55+7.63 55.12+12.53 33.67+6.90 32.88+6.63 63.33+15.60
C4l(n=32) 63.09+13.83 34.88+6.77 52.88+13.05 28.56+7.96 28.88+5.74 48.34+12.56
fH 2.34 2.05 0.71 2.76 2.60 4.26
P1E 0.022 0.045 0.482 0.007 0.012 0.000
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(x+s)

Table 4 Comparison of blood gas analysis indicators between the two groups at different time points  (x + s)
bl T, T, T, T, T, T,
PaO,/mmHg
P4 (n=33) 86.12+9.31 261.58+49.24 248.85+48.43 89.15+18.01 83.88+18.03 243.36+56.94
CHl(n=32) 85.59+10.11 247.69+48.83 251.94+62.60 77.94+16.61 75.34+13.35 226.75+54.51
tfH 0.22 1.14 0.22 2.61 2.16 1.20
P{E 0.827 0.258 0.824 0.011 0.034 0.234
PaCO,/mmHg
P4l (n=33) 37.35+3.56 46.51+5.67 47.30+4.96 51.03+4.91 49.48+4.73 46.70+5.42
CHl(n=32) 36.64+4.13 45.94+4.64 46.63+4.40 49.91+4.58 48.41+5.34 44.00+4.96
tH 0.74 0.45 0.58 0.95 0.86 2.09
P1E 0.460 0.655 0.566 0.344 0.392 0.041
pH{H
P4 (n=33) 7.43+0.03 7.36+0.05 7.35+0.04 7.33+0.04 7.33+0.04 7.34+0.04
CH(n=32) 7.42+0.03 7.35+0.05 7.34+0.04 7.32+0.05 7.32+0.06 7.36+0.06
AL 0.43 0.03 0.43 0.25 0.31 -1.05
P1H 0.668 0.979 0.667 0.805 0.760 0.300
*5 MABERERRMLRNNEERLEE (vxs)
Table 5 Comparison of hemodynamic indicators between the two groups at different time points  (x + s)
bl T, T, T, T, T, T,
SBP/mmHg
P#(n=33) 157.18+21.27 144.79+24.62 137.09+20.65 130.64+17.63 128.12+18.73 134.91+19.12
C#Hl(n=32) 162.13+21.05 138.72+23.80 130.19+19.10 121.50+16.99 126.59+19.17 136.50+20.04
o -0.94 1.01 1.40 2.13 0.33 -0.33
P1E 0.350 0.316 0.167 0.037 0.746 0.744
DBP/mmHg
P4 (n=33) 73.30+10.51 73.58+10.31 69.09+10.77 70.06+8.50 70.64+8.67 70.09+11.17
CH(n=32) 77.94+12.07 72.75+11.04 68.38+12.83 68.34+10.10 70.84+8.62 75.59+10.65
o -1.65 0.31 0.24 0.74 -0.10 -2.03
PIE 0.103 0.756 0.808 0.461 0.923 0.046
HR/(¥X/min)
P (n=33) 72.42+11.50 73.48+12.33 70.15+11.09 77.55+10.35 71.88+9.89 70.18+14.04
C#H(n=32) 74.72+12.72 75.84+11.11 72.00+12.70 77.91+10.73 73.66+9.08 67.38+8.86
o -0.76 -0.81 -0.63 -0.14 -0.75 0.96
PIE 0.448 0.421 0.534 0.891 0.454 0.340
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B F AR ERIPEES KRN ANE
SEGETFARMEL, Mo 5 & a8 mmn
FAREARIG/IN . H ARG H A B & AR5
PR, PR R EARRTE SRR, WRELDT
TOHBIARST , AAAEL . IR, Nz AR AR
WE M OLY, 5 PPCs i & 1E #5851k 13.0% ~
38.0%'", FtiE A 5 N e 2 M B R TR
R, BT R LA E A R VT B3RS
5 emH,0 PEEP f) fili 47 Ml SR ms Bl e i - L
AR TSRS, JFaEED PPCS, ARG,
ST P Y BB A £ R AR A A v St T IR VT BB
A 5 emH,0 PEEP [ Jfi g7 PEid <R, PPCs & 4=
AR 40.6%, XN BT AR O HE R
AT A AL
3.2 PCV-VG#EXHHHE

HUAGE A, 760K 45 738 K1Y
PEEP, REHE RGN ZErG, BnYiResk<aE, A
TR, et E G . B TARRARE AR
FibE, DL ARSERUAS ] X 0 Dy e s i A —
[ PEEP (3% @ H NG A A AfE . BIFARBIR A
PEEP /MA{LIH & C Wi o . HRT, I PRI F 4K
Pl Cdyn, DP. FoLBHTITZ W5 R0 il e 45 E A7 1
AL PEEP I, (HAA ML, ME%E &, B
AW PRI, FEIEEFA A DP S A4k
PEEP, W LI R A G I AN K i = AR R, I
BREES, BREMMIARIG 3 d PPCs 9 &4 R, DPF
i) Jifi (P P SRS E 2 TR i H )iz
A PARK S50 19 1) — 351 22 v o0 RARAS B AF 58 R K,
I FH 28 SRS I AN RERR AR DI B AR BB AR S 7 d N
PPCs [ &%, YU RS A R E . E4
M XTSRRI T AR, BT AR MR B —
() DP 3 [1] A& {L PEEP % &, JFANRE™ A A A I
PRIGARA RN, B56-A5 o7 FH A il O 4 38 A< B R
JitL, TR S B PR A AR . KIM SR SY R B
PCV-VGHLRTEE A G . WP )27 RIS P 2F
SR T R VOV AR, 1
TARHE B A AR R PCV-VG AR, A H]F
FEAK Ppeak A1 DP. {HT A R 5816 0, IR M

3.1

Bk FH PCV-VG B, If R PPCs Y &2 . A
I, AHEGEAE M IS I S e S A R AR A AR, SR
DP 3 ] 44K PEEP i 2 , 38 IS R I BAIK DP K
SEF (1 PEEP, B4 PCV-VG AR, HE—BREK T
Ppeak I DP, 23 T %4 Ml Cdyn, ASAF5E3E i X 1%
S5 il OR A 1 R AR B AT AR AL A, A S
PPCs [ &R
3.3 ZEWHmSEEFOLV XFFEIR S22

REAERZES 2R B, ARSI AT OLV Rl T
FEE Y Ppeak , FEACIGIN 1 . ABFFELEI, PAIT,.
T,. T,. T AT 20} A5 Ppeak B 2K T C 4, Cdyn
WBETCH (P<0.05), RFFIBEIM, T,. T,. T,
AT, PADPIIRALTCA (P<0.05), {HFH
BHET,MT,HEDP RS (P>0.05), FEHR
K. NTAMEEMENE, SBURILER . BNE
B R F72# 04028, AT Ppeak 1 Pplat 28 75
DP WP FHE o TEAWITE T, PIALEH FiO, 0.6
i, PLHLANC L5394 | AN 2 6 K OLV 31A] & 4k
F G AE M E TR S . BeAl, P AL T, BT, A
PaO, ] BT C4 (P<0.05), XUiHT: Pofbhtifis
PEIEAURMS, BISC o OLV W E A, X522
HTAGBF I 248 R —3
3.4 ZEHHSIEFI OLV X PPCs KIS

AW ISR LI, PAFICHARIG T d N PPCs
() AR5 5 21.2% (741]) F140.6% (1361), )&
B P AL R AR PPCs AR, (HFA R 22570
Gt EE X (P>0.05), TR EN . AF5REFHEA R
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