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MR HEHER. HE K6 REEHTKBR.SEEERETRIEHTR, FREHES, FRILS
i M S B’ (V)10 mi/kg, FFIRIF & 16 &K /min, B A £ & F (FiO,)0. 40, /¥ S X IE [E (PEEP)5 cm H;O
(1 em H,0=0.098 kPa)., B AZKFE M Swan-Ganz 3, M EVHES 1 hW(EREDNOE . FHHKE
(MAP) .0 H I #8 (CD. B LB KECVP) . iz Bk EPAWP) S fish H#EiR U ERSEGE
(Ppeak) .5 & JE (Pplat) . i £ 13 FE (Pes) T BURE 4 (Cst) B IR H 845, F TN S AR E. E3EBERE
ARSEE% 25 mm Hg(1 mm Hg =0.133 kPa)IAH % , BB SHAT HEWE2h; HEEARHEN
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(L » min~" « kg ) F# (0. 15040. 019, 0. 13740. 014 H 0. 17940. 021) 5 Ppeak (cm H,O) ,Pplat(cm H,0),
Pes(cm H,0) b F+ (Ppeak;46. 3+2. 3, 47.0+3. 2 l, 11.0+1. 6, Pplat:25.74+1.3, 26.0+1.6 i 9.0+0.6,
Pes:13.7+0. 3, 14.340. 3 i 2. 33:0. 3),Cst(ml/cm H,O) T (8. 34-0. 3. 9. 010. 6 H 23. 0+ 1. 6); ZH Bk il
& 4 E (Pa0,,mm He) M & %% & (DO, ml » min™" » kg™' ) ¥ T k& (Pa0,:142. 04+ 13. 2, 140.0+16.0 It
166.3+11.3,D0,:19. 40+ 2. 90, 19.88+4.14 K. 25.07+6.30), E R EH G E B L (¥ P<0.05). 5
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0.012)M—% T, KB4 2 M i I A& (mmol /L) 8 TEE.60+0.12 | 2.7040.44,1.67
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Effect of mechanical ventilation guided by transpulmonary pressure on hemodynamics and oxygen metabolism
of porcine model of intra-abdominal hypertension NI Hai-bin, LI Wei-qin, KE Lu, TONG Zhi-hui, NIE
Yao, LI Ning, LI Jie-shou. Department of Surgery, Jinling Hospital, Nanjing University School of
Medicine, Nanjing 210002, Jiangsu, China; Jiangsu Province Hospital on Integration of Chinese and
Western Medicine, Nanjing 210028, Jiangsu, China
Corresponding author: LI Wei-gin, Email ; qsp1999@ 126. com

[Abstract] Objective To assess the effect of mechanical ventilation (MV) guided by transpulmonary
pressure (Ptp) on hemodynamics and oxygen metabolism of porcine model of intra-abdominal hypertension
(IAH). Methods All 6 pigs were anesthetized and received MV. Volume-assist control was set: tidal
volume (Vy) was 10 ml/kg, respiratory rate (RR) was 16 bpm, inhaled oxygen concentration (FiO,) was
0. 40 and positive end-expiratory pressure (PEEP) was set at 5 cm H,O (1 cm H,0=0. 098 kPa). Following
baseline observations, high intra-abdominal pressure (IAP) with intraperitoneal nitrogen inflation was
induced in all 6 pigs. The IAP was increased to 25 mm Hg (1 mm Hg=0. 133 kPa). Two hours later, PEEP
was adjusted to such a level that Ptp during end-expiratory occlusion remained at a level above 0 cm H;O for
2 hours by measuring esophageal pressure, and with the rest parameters of breathing machine remaining
constant. During the experimental period, hemodynamic parameters including heart rate (HR), mean arterial
pressure (MAP), cardiac output index (CI), central venous pressure (CVP), pulmonary arterial wedge
pressure (PAWP), and respiratory mechanics index of peak airway pressure (Ppeak), plateau pressure
(Pplat), esophageal pressure (Pes) and static compliance (Cst) were continuously recorded with the aid of
Swan-Ganz catheter and electrocardiogram. Oxygen partial pressure of arterial blood (PaO,) and carbon
dioxide partial pressure of arterial blood (PaCO,) were measured by blood-gas analysis. Systemic oxygen
delivery (DO;)and systemic oxygen consumption (VO,) were calculated according to blood-gas analysis of
arterial and central venous blood. Results No porcine model showed barotrauma and death. Compared with
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baseline, at 1 hour and 2 hours after induction of IAH in the animals, HR (bpm) increased significantly
(134.3+£5.8, 127.343. 3 vs. 117.7+1.5). MAP(mm Hg), CVP (mm Hg) and PAWP (mm Hg) became
higher (MAP:120.7+3.8, 117.34:4.8 vs. 100.4+6.6; CVP; 7.34+0.3, 7.6+0.9 vs. 5.6+0.2; PAWP:
14.040.6, 14.0+1.0 vs. 12.330.3), CI (L. » min~! » kg™') was lowered (0.150+0.019, 0.13740. 014
vs. 0.17930.021), Ppeak(cm H,0), Pplat (cm H;O), Pes (cm H,O) were increased significantly (Ppeak.
46.3142.3, 47.0+£ 3.2 vs. 11.0+1.6; Pplat: 25.7+1.3, 26.0+1.6 vs. 9.0+ 0.6; Pes: 13.7+0.3,
14.340.3 vs. 2.3£0.3), Cst (ml/ecm H;O), PaO, (mm Hg) and DO, (ml ¢ min ' « kg™') showed
significant lowering (Cst: 8.330.3, 9.040. 6 vs. 23.0%1.6; PaO,: 142. 04+13. 2, 140.0+16.0 vs. 166.3
+11. 3; DO,: 19. 40+£2. 90, 19. 88 +4.14 vs. 25.07=+6. 30, all P<<0.05). However, compared to routine
ventilation, at 1 hour and 2 hours after PEEP had been adjusted according to measurements of esophageal
pressure, Pa0;, DO, and Cst increased significantly (PaO,: 161.6+11.9, 164.04+13.6; DO,; 21.90+
6.21, 21.16 £ 2. 783 Cst: 12.0+ 1.6, 12. 7+ 2.9). CI became lower (0.121+0.013, 0.1204+0.012)and
Pplat was higher (31.3+ 3.4, 31.7+ 3.2, all P<{0.05). The lactate (mmol/L) was also decreased
significantly (1. 60+ 0.12 vs. 2.704+0.44, 1.67+0.07 vs. 2.27 4+ 0.13, both P<0.05). PaCO,, HR,
MAP, CVP and PAWP showed no significant differences compared to IAH pigs ventilated with lower PEEP
(all P>>0.05). Conclusion There were remarkable effects on oxygen metabolism and Cst and less influence
on hemodynamics in response to MV guided by Ptp. The results of this study are in favor of setting Ptp

according to measurements of esophageal pressure in pigs with IAH.
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3~5mg-kg7' ch ' REBRREELERREE:SE
BEREFRILEB R, FREAFEEHE
KVCV), i E V1 10 ml/kg, IR # 16 K /min,
% AR 2k B (FiO,)0. 40,PEEP 5 cm H,O,
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5ml 2K, BEHM4.5ml, TREFBRHXLYEN
B, ELSBERINUT  RAEHIFEEHIIME
EREHEDHBREABER, RS HERETREBE,
1.5 B¥ it 8 :Ptp="Palv—Pes;CI=CO/{k&;
DO, =CI X Ca0, X 10; Ca0,=1. 34 X Hb X Sa0, +
0.003 1XPa0,; VO,=CI X (Ca0,— (1. 34 X Hb X
SvO,~+0.003 1 X PvO,)]) X 10, H . Palv A ¥
EE,CI %y 0 HE i 38 %, DO, h &4 %, Ca0, H3h ik
M4 & &, Hb X i 41 & 8, Sa0, b 3 Bk i & 18 0
B ,PaO, J 3 fk il & 4 B, VO, & FH#E,Sv0, K
# kI A AR, PvO, i bk m & 4 FE.
1.6 ZiH2kk %A SPSS 15. 0 A #H1T 5 H ¥
REF , B3R B B 3D 1 2 B AR R R 2 A
M. BB LR AL (e L) FR R TR
EHGHEFUHRR R LBRA  RRBRE T E
5347,P<0.05 AEFRFGITHE N,
2 & B

6 AREHHEEN, T—REKEHGREL,
R1IGERBR, 5EMRAEMEE,JAH1 h.2 h 8
¥ W 3 AR D B R, MAP.CVP Hl
PAWP L #,CI FK; &R ¥ #8 4+ PaO, f1 DO,
B s PR ) 245 4R o 3B #E Bk (Ppeak ) \Pplat, Pes
EFt,Cst TR ERIIRERZERBYERHEEX
(P<0.05), i@t Ptp Y58 fmk PEEP f# 1<K Ptp
RIEE, 5 F IAH ¥ 1 PaO,.DO,.Cst BB B X #,
Cl Wj#—3 T, RBLASEEN M FLRATHE
TFBE,Pplat 8 EF 8,5 IAH ¥ HAVLBES F&HE
HERREEERYARITER XY P<0.05),

3 % #
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METENEEURTBRMEXNEHHMESIE
MAP.CVP ft PAWP £ #0970 it & F f& &
BCOWP EHEHRLN, X IAP 35 15 mm Hg PL
LBt R BI85 32 e, o LB E IAP B9F & » Pes
7 AH L T G il S R A R 4 5 B S TR 4, B o R Bk
A4, il ¥ 5E fs 38 b , Ppeak R Pplat B & 3% i ; b
P4 3R 4 20 I, i </ 3 L R K, B 3K PaO,
1 DO, AR MIBIRTRE",

AWK, EiL Pes Y ¥ i K PEEP g S
F Ptpy IEfH , o] B B B K IAH 3% &9 PaO, . DO, K&

1 Pp WMREFRISHE IAH SR M H A% ERBRFRAEHEM (L)

ik Py 3 MAP CI CvP PAWP Pa0; PaCO,
" - (¥ /min) (mm Hg) (L ¢« min~!+kg~!) (mm Hg) (mm Hg) pH (mm Hg) (mm Hg)
E- 757 - 6 117.74+ 1.5 100.44+6.6  0.17940.021  5.64+0.2 12.3+0.3 7.4194+0.016 166.3+11.3 40.1+1.5
IAH1h 6 134.3%+ 5.8 120.7+3.8  0.15040.019*° 7.3+0.3° 14.0+0.6* 7.401+0.016 142.0+13.2° 42.640.8
IAH2h 6 127.3%+ 3.3* 117.34+4.8  0.137+0.014° 7.61+0.9° 14.0+1.0* 7.402+0.015 140.0+16.0° 43.243.1
Piplh 6 132.3%+ 8.4 119.3%+3.8  0.12140.013* 7.14+0.7 15.041.5 7.409+0.006 161.6+11.9° 42.6+1.4
Ptp 2h 6 139.0413.4 119.743.0  0.1204+0.012°> 7.24+0.8 15.0+1.4 7.425+0.015 164.0+13.6° 39.9+1.6
;Y DO, VO, L:N.7 Ppeak Pplat Pes Cst
ol ¥ (mlemin~!+kg™!) (ml+ min~!+kg~!) (mmol/L) (cm H,0) (cm H:0) (em H0)  (ml/cm H;0)
HRE 6 25.0716.30 6.48+1.15 2.5740.07 11.0%1.6 9.0+0.6 2.340.3 23.01+1.6
IAH1h 6 19. 40+ 2. 90° 7.95+1.51 2.7040. 44 46.3+2.3°  25.7+1.3° 13.740.3 8.340.3°
IAH2h 6 19. 8814.14* 7.99+1.23 2.2740.13 47.043.2*  26.0%+1.6 14.340. 3 9.040.6*
Ptpth 6 21.9046.21° 7.57+2.13 1.60£0.12>  48.3+3.0 31.343.4° 14.430.7 12.0+1.6°
Ptp2h 6 21.1642.78° 7.49+1. 89 1.674£0.07°  48.74+3.7 31.7+43.2° 15.0+0.6 12.742.9°

T Prp BB EE IAH . IS 36 FE . MAP . - 5 3 Bk . CL. L HE ML 5 30, CVP . .0 88 ik s , PAWP . i 3 Bk #2 K< . PaO, . 3 Bk i & 4 FE , PaCO;
Bk = EAK S E DO, EHiE, VO, . Jil#E, Ppeak . ST H M, Pplat : SH VP S E Pes: WE W E, Cot: fl B #E; 5% Bl{E L
#,2P<<0.05; %5 IAH # 5 & f8] & H 88, P<0. 0551 mm Hg=0. 133 kPa,1 cm H,0=0. 098 kPa
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