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Effects of varying pneumoperitoneum pressures on endothelial cell
morphology in patients undergoing radical resection of colorectal
carcinoma*

Su Yaya', Huang Zhe', Qiu Xiaojuan®, Ni Shuang', Pan Xin', Feng Chen'
(1.Department of Anesthesiology, Nanjing Central Hospital, Nanjing, Jiangsu 210018, China, 2.
Department of Anesthesiology, Nanjing Lishui People’ s Hospital, Nanjing, Jiangsu 211200, China)

Abstract: Objective To investigate the effects of low-pressure pneumoperitoneum (LPP) (10 mmHg) versus
standard-pressure pneumoperitoneum (SPP) (14 mmHg) on the microscopic structure of greater omentum capillaries,
inflammatory factors, oxidative stress, and perioperative physiological function in patients undergoing laparoscopic
radical resection of colorectal carcinoma (CRC). Methods A prospective randomized study was conducted. A total

of 63 patients scheduled for laparoscopic radical resection of CRC from January 2022 to August 2023 were enrolled
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and randomly divided into the LPP group (n=31) and the SPP group (n=32) using a random number table.
Specimens were collected from a standardized area of the greater omentum immediately after pneumoperitoneum
establishment and five minutes before abdominal closure. Transmission electron microscopy was used to observe the
thickness of capillary endothelial cell walls, the incidence of discontinuous cell membranes, and the number of
autophagolysosomes. Inflammatory factors and oxidative stress indicators were monitored, while hemodynamic and
respiratory mechanics parameters were recorded. The number of additional analgesic administrations within 48 hours
postoperatively was also assessed. Results Compared with the LPP group, the SPP group showed increased capillary
endothelial cell wall thickness 5 minutes before abdominal closure, a higher incidence of discontinuous cell membranes,
and a greater number of autophagolysosomes; The SPP group also exhibited higher IL-6 levels 5 minutes before
abdominal closure and 24 hours postoperatively; Higher malondialdehyde (MDA) and lower superoxide dismutase
(SOD) levels 5 minutes before abdominal closure, and lower reduced glutathione (GSH) levels at 24 hours
postoperatively; At all time points after pneumoperitoneum establishment, the mean airway pressure (Pmean) was
significantly higher in the SPP group; Additionally, the number of rescue analgesic administrations 48 hours
postoperatively was significantly more in the SPP group, the differences were statistically significant (P < 0.05).
Conclusion Inlaparoscopicradical resection of CRC, LPP may help alleviate ultrastructural damage to greater omentum
capillary endothelial cells, reduce inflammation and oxidative stress, improve intraoperative respiratory mechanics,
and decrease early postoperative analgesic requirements compared with SPP. It has certain clinical application value.

Keywords: colorectal carcinoma (CRC); pneumoperitoneum pressure; microcirculation; inflammatory factors;
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Table 1 Comparison of general data between the two groups
PER ) ASA 532/ JifrsEE Bz /A51)
215 STk BMI/(kg/m?)
L I %% 13 £ =07

LPP#H (n = 31) 63.84+5.74 24.94+3.73 19 12 11 20 10 21
SPPA (n =32) 60.56+7.83 25.68+3.11 17 15 13 19 12 20
X {E 1.89 -0.86 0.43" 0.18" 0.19"

PE 0.063 0.395 0.513 0.674 0.663

e R] Xzﬁo

T HUEIT I, FEIIKERFLE 10 min fILTol & T2
HAE 25.0%) 5 A b i i I I S0 FiE TR
AR A E I RAE, TER (. Kb, OoE
B%) s AR ERIB NG ; D5 E AT
o B LA 7O

1.2 FHik

12,1 #HAFI I SR G¥Power 3.1 BB R
Ak, FEIEARNCMEHTS min BN M REE R . AR
Pt TR 96 45 8, LPP 41 B i il 45 e S 2 R 2
(0.78 £0.48) pm, SPPAZN (1.22+0.69) pm, LA
IS, REAS R B AT REAS B A B, OB A 40 7K
a=0.05, KWESHE1-B=0.80, MAREAREZIL N
1: 1, BRHET 306, %182 10.0% 15155/ 7%
RO 33 H], PIAIILTE 66 Bl AHFIE PG
FFA 2 BB 3T 68 49, LPP 2 bl 3 2 45 i 3
FRYICEA U Rk A - B E R < I K115 i (1R
SEANFRE T Z2 A IS IS M2 P HERR ;. SPP AL
2 051 PRI P ™ R 3 B e o R A R b e T
NN R ECH 63 i)

122 Bk BERAFAZRER, HHITOHE
Wedrr, SR e KRR T %6 BiRRAUS, W
KSR N 2.0 mg/kg . 775 KB 0.25 pwg/kg FIH FE
TR EZ 0.6 mg/kg HEATRRBEE =, 174 R BOE
WA, EASMEN 1.5 L/min, 28504 1.0 L/min,
WS N 6.0 ~8.0mL/ke, WIFHL 1 @ 2, MRURAHZ
F12 ~ 16 W/min, PFERIEFEESN S emH,0, 35
PetCO, HEAT L, HEH7 AR 1 PetCO, 7k 35 ~ 45 mmHg.
RAFFLEEENIAE 2~ 4 mg/ (kg+h) FlHiZFKJE
0.15~0.30 pe/ (kg+h), [EIETZG T2 RS, (HH6H
XU B AEF5 16 40 ~ 60, H AL FHEAWAKF (R E
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WE N 14 mmHg, AR J5 48 h N B E [ ¥ # Ik BUR
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1.3 WEER

130 FAAXE L AHE: TOARKE . BRERE
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arterial pressure, MAP) FLr3 (heart rate, HR); 4)
RN 122280 TSMERTS min, M85 5 min, S8
J& Uh, BCRCHT S min FUCR)S S min, i8R AGE Y
. (mean airway pressure, Pmean) HI S if % &
(peak airway pressure, Ppeak) .
1.4 FEITFERE

K H SPSS 29.0 Geit=r i o it . A5 IEAS
IR ORI AR + dRiERE (v x5) £, 4HIH]
PR I ST AR ek, 20 P9 AR FHBC X o4 36 5
TFECR B DB (%) Row, HERH PR
P<0.05 AR

2 HR

21 MWABEFARBEXFERILE

WIZH HR ARSI IR] . PACU (52 BA I IA] | AR
TR JREAR MR, 2RI E L
(P>0.05) . LPPZH T[] F1REF IS ] 52 SPP 2H
MR SR SPPA L, ERWA SR X
(P<0.05). SPPZHfEREmHIAL LPPZHE, ARJ5 48 h#b
PR B (PCIA R IRED) B LPPHZ, 257
BY Y (P<0.05), W2,
22 MWABREFTENZIEIRLE

TN AN ZIR R KN LU A . B4t
GRS SMRZER SR, IS EHR ,
JRIRERS], SRR EIE, KU AR, ¢
HEHT S min FEAS . LPP 2 B AN LA PN B2 400 it K% 1fn 45 e
ghikgoeds, REEYS), RIWHIRIGE (Bl1A), 7
JEE (078 £0.32) wm, SPPALIMAFEEME (&1B),

®2 MABREFABXBRILE

SEEE (1.22+046) wm, MABHEHE, 25465
P25 X (P<0.05), LPP 2040 ek ek (&
1C), SPPALHA 3B AN ELE S (FI1D).
LPP LA R Z ZEIMANIES (K 1E), HIREH
WHEED, AMRESHIXT R E . SPPALAT L FH HE
T AKX IR 22, G WU S5 F) £ 1 A i £
RREER (FEF) . BERARABAMLEERRL 3 ~ 5P ET i
PR, RSN LPP A AR [ M
AR (2.8+0.5) 4>, SPPALN (43+0.9)
A, WARE R, ZRAGIHFEL (P<0.05),
2.3 MWMABEFERENZIEIRLE

231 KuE BT HMKEYESAT S min L, SPP
ZH AN LPP 41 SRR 5 min FIAR S 24 h [L-1 F1 1L-6 7K
b HSPPALIL-6 KB W mF LPP4, 51y
BHIERE L (P<0.05), PABEARSG 24 h ) TNF-a
KV T RRBEA ST S min, ZRASITHFE X
(P<0.05). W#3.

232 AAL RS IEAR SRS FETS min AH L,
PIZH B OCHE T 5 min FIAR ST 24 h 1) MDA 7K-F-241 1
W, ZRASIT¥E L (P<0.05) . 7EXERT
5min, SPPAIMDAKFI & T LPPAL, 2R¥AES
2R L (P<0.05) . PR AT S min AR5
24 h SOD /K- PARIEE 0T 5 minf&AIR, 2Z25ASTH
B (P<0.05), SRS SHTS minfHLG, WZ4LEE
KHETTS min GSHACEEIFEAR; SPPAIARS 24 hEIJFR I
Y5311 5 min GSH/KF-FEAL; SPP ARG 24 h Y GSH
KFEH B FLPPY, ZRASHIT¥EE X
(P<0.05), W#4,

(x+s)

Table 2 Comparison of surgical-related outcomes between the two groups  (x = s)
iR A AR B A /mL JE A T S et /m L POEW B /min - PACU{SREIE)/min - AJFAEBEN )/
LPP#H (n=31) 2 556.77+322.16 636.72+154.90 23.81+5.39 40.21+6.90 10.04+1.09
SPPA (n =32) 2216.41+293.07 572.94+148.55 24.09+5.74 42.09+5.50 10.74+1.20
tfH 4.38 1.67 -0.20 -1.20 -2.42
P{E <0.001 0.100 0.843 0.236 0.019
i PCIA R UE TR []/min JERPEES [ /min JRAE/mL Jifil s/ mlL
LPP# (n=31) 5.72+1.34 182.69+13.46 220.60+17.27 378.07+35.52 369.03+49.08
SPPA (n =32) 7.38+1.41 166.25+15.22 206.99+16.87 369.85+58.37 365.29+46.73
fE -4.79 4.54 3.16 0.67 0.31
P{H <0.001 <0.001 0.002 0.504 0.758
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kTR ) o

E1 ESRETERAMEEMNNE N EHAERSE

Fig.1 Morphology of capillary endothelial cells of the abdominal greater omentum under a transmission electron microscope

233 iR 1A Ar SRR S min, SPPALRY JA S min 9 HR R ART SPPAL, ZRHHLI¥E
MAP B & Ik F LPP 41 [ (77.16 £5.62) F1 (80.06 + X (P<0.05). WS,

5.70) mmHg], ZRAFI#E X (P<0.05); SPP 234  »Fu /5 A PALEH Pmean il Ppeak [
HAMEE 1 h BURHT 5 min B9 MAP BICTAUEAT SRS E S TR, IR RO A SE T — P B
Smin, ZRAGEIFEL (P<0.05), SPPAHR  Jho [IEE 5505, SPP 4] Pmean ] & & T LPP
TESMEG 1 h, BUSET S min FURCSJS 5 min Bl 2 & T 2 Ppeak THEJE 1 h, FUKHTS min MRS 5 min B
AMEHT Smin K P, ERYASRIEE XL RBETLPPA, EREASITEEYL (P<0.05)
(P<0.05), LPPAHSIE)E 1 h, ﬁﬂﬁﬁusminﬂlﬁﬂtﬁ 6.
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*3 WABREARERESRERFKFLE (pg/mL, x+s)
Table 3 Comparison of inflammatory factor levels between the two groups at different time points  (pg/mL, x+ s)

215 JPRESZ5 ST S min CHEHT S min RG24 h
IL-1
SPP4 (n=32) 87.90+11.50 108.27+23.90° 96.87+14.63"
LPP4l(n=31) 86.76+10.78 100.52+20.71" 93.07+18.20°
t{E 0.41 1.37 0.91
P1E 0.686 0.175 0.364
1L-6
SPP#(n =32) 30.42+5.54 64.99+6.06" 49.58+7.09"
LPP4l(n=31) 30.67+5.68 60.93+5.36" 44.60+5.81"
t{H -0.18 2.81 3.04
P{E 0.860 0.007 0.003
TNF-a
SPP#{(n =32) 38.89+4.97 41.47+6.52 42.37+6.56'
LPPZH (n=31) 37.98+5.31 40.38+5.83 41.54+5.59"
ol 0.70 1.34 0.54
PIE 0.485 0.185 0.591

e T EARYURRIEA AT S min FLAE, ZRAHHEX (P<0.05),

*4 MABREREMESELNBIEREE (x+5)
Table 4 Comparison of oxidative stress indexes between the two groups at different time points  (x + s)

25 JPRBEE ST S min KJEHTS min ARJG 24 h
MDA/(nmol/mL)
SPP#(n =32) 25.65+3.94 33.46+6.89" 30.11:+4.28"
LPP#l(n=31) 24.80+7.12 29.17+4.65" 29.35+4.59"
t{E -0.62 -2.88 -0.69
PAE 0.539 0.005 0.495
SOD/(u/ml.)
SPP4H (n=32) 102.52+11.05 89.51+9.01° 96.47+6.92'
LPP#(n=31) 103.06+7.72 93.168.31° 96.14+8.04
t{H 0.23 1.67 -0.17
P1E 0.822 0.100 0.864
GSH/(wmol/L.)
SPP4(n=32) 71.83%5.93 60.52+6.10" 65.65+5.93
LPP4{(n=31) 72.25+7.95 62.016.44" 70.69+8.12
ol 0.24 0.94 2.82
PAE 0.814 0.351 0.006

T P SARAURBEA ST S min [LEL, ZRALIAEX (P<0.05),
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Table 5 Comparison of hemodynamic indicators between the two groups at different time points  (x + s)

215 SHEHT S min SHEJE 5 min SHESE Th HCAHT S min AU 5 min
MAP/mmHg

SPP#(n =32) 82.69+6.55 77.16+5.62 79.16+7.80 77.97+4.87 76.72+4.817

LPP4 (n=31) 82.32+6.77 80.06+5.70" 79.84+4.80 77.65+7.91 77.16+6.65"

fH -0.22 2.04 0.42 1.02 0.30

P1E 0.829 0.046 0.678 0.313 0.763
HR/(X/min)

SPP#H (n =32) 66.59+5.91 66.34+6.34" 72.66+4.76" 76.16+5.57" 68.81+5.53"

LPP4H (n=31) 66.84+6.47 68.45+5.69 67.94+6.08 68.81+6.12 65.00+6.93

t{H 0.16 1.39 -3.44 -4.98 -2.42

P{E 0.876 0.170 0.001 <0.001 0.019

W T EHAHSIERS min [bEL, 2RAGIFE L (P<0.05),
*6 WHBEARMESERAIFESHER (cmHO, x+s)
Table 6 Comparison of respiratory mechanics parameters between the two groups
at different time points  (cmH,O, x=+s)

205 SJEHTS min SJEJE S min SMEE1h TS min AR 5 min
Pmean

SPP#(n=32) 7.72+0.58 10.94+1.117 13.06+1.08" 14.78+2.87° 10.00+0.84"

LPP#(n=31) 7.71+0.94 9.39+0.92° 10.48+1.15" 11.87+1.52° 8.52+0.89"

fH -0.05 -6.04 -9.19 -5.00 -6.80

P1H 0.963 <0.001 <0.001 <0.001 <0.001
Ppeak

SPP#(n =32) 15.31+1.38 17.91+1.99° 24.88+2.32" 27.03+1.99° 17.69+1.55"

LPPZH (n =31) 15.68+1.56 17.52+1.48" 21.52+1.53" 24.87+1.54" 16.87+1.43"

t{E 0.99 -0.88 -6.76 -4.80 -2.17

PIE 0.328 0.382 <0.001 <0.001 0.034

T TEALUEATS min [LEL, 22RAGZIEEL (P<0.05).
3 i

3.1 SREEMEREFRMNIME

310 LPP TR a4y EEEFRP, K
I A 1 ) R SR P T s . A s
F W, 1EAEEM 16 mmHg T I8 £ 8 mmHg )1 72
I R A T R bR R R S . AR HIBA
FIAREFE R I, 76 14 mmHg FATIE s B ARIA R
(AR, OO0 PR 20 0006 PR B2 00 e S S b e, e
FTNBATRER, A BN . PR BENAE

JE AT RE S EUSIM AT 2540 S UhRe szt . AP — Ik
S&, AHEST LPP, SPP#E A9 AUE AU i 1 40 i
SR, WS MANE N A WA AR, X—
PG TRES R FEIREE T 4 MRS (0 BRI 163 40 S A g
PO S B R N R A G . X R e AR E
FE, AT 3 A B TR 20 R 1 o 40 i PN 25 4
fit, FEHLFi,

312  LPP i KR R FARERES, HiE
SRR AT, SRR MLIR I R, R
SRR G TR, I AR A A, R RIAE
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R TEA R N B A S R R T AR K
PRERRZRAE, XY Il iff— 2 SR A TR,
INEARAE K i . Serrano 2R FHOG 22385 9 i 37 W 0
BR, UESE: ARAE A i I RE B N 28 1 T B
PR AR, BEAEA RO A S RAE R . AHF
SRR, LPP B MDA &3k, XK. LPP
CIRE & 22 DR AR Gt VI A o | IN=A ) i
313 LPP T s % R Js m RIEEKFEARE
AR A RS E RN, ARSI 32
PWENEZ —, AR, SRR XA
SRS 7%, TR KT SR P50 i 1 3
BT, AR, LPPALAR S 48 h #h R
BT SPPAL, H4i% T AEBERT ], LPP Al fgidE
T ORARAE A5 30 ) 58 RE Sy (4 XU AR AP B , (2 ik
VNEUE RN/ EAN

314 LPP TR & ik sh ) FIAFFe bR A F 5
o AR T s J12E SRR . mR
A T R s i bk ORUE R sl bk, 5 R i e
i, OWERTTE FRE, RN, CONETRESZ B
il o PP 2E R A R AL 5 I IR CO, ML 3
Ao RSB SRR, Rtz 237
FE T BE NG A K I Ak YT BRI T i 2 2 10
o2 M TR AL T 8 ~ 15 mmHg X A, 2 56%
FR 7 T4 S 2 e, B8 T LT AR Y O
() AR BT —n) g, AR AR A <
TrEE, AR R SR A i v AU R P R e N 5
M, B4 A,

3.2 AMRHERME

1) ABFFRAEAR RN, PR SCR Fm i sh )
FATRE ML B EG 0 5 B, REEMA R
Gt Eadr, GitsiZ R, AR ATRE = A R 2)
CHE RS FARI RIE L B4 T ARG 3 ~6 It E,
S I BE T BT TC R PEAL Y 100 & A R A 45 R 4R
B 3) WA AH SCTRAREe e IR LPP X i 2
LR RERIE S DTS AESE IR, RPEEEE .

Zi LRk, LPPHFHEREEE CRCHIAAR, Al
I ARG A, U A0 B S 403 5 R AE S
WA GV, AR sE A BEta], R s
FER PR TF AR BT AR E2S M A RTHE T, 18 YRR
JE, FREAA AR A, SR IR IR B
CRCARIBA Y L EE 5L B 7 1] o
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