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      目的评价通过跨肺压(Ptp)设定呼吸机参数对腹腔高压(IAH)模型猪血流动力学、氧代谢

和呼吸力学的影响。方法将6只家猪进行麻醉、气管插管后接呼吸机辅助呼吸，容量控制模式，呼吸机参

数设置潮气量(VT) 10 ml/kg，呼吸频率16次/min，吸入氧浓度(FiO2)0. 40，呼气末正压(PEEP)5 cm H2O

(1 cm H2O=0. 098 kPa)。置入动脉导管和Swan-Ganz导管，测定机械通气1h（基础值）的心率、平均动脉压
(MAP)、心排血指数(CI)、中心静脉压(CVP)、肺动脉楔压(PAWP)等血流动力学指标，以及气道峰压

( Ppeak)、平台压(Pplat)、胸腔内压(Pes)、肺顺应性(Cst)等呼吸力学指标，并行血气分析检查。通过腹腔内注

入氮气法复制25 mm Hg(1 mm Hg =0. 133 kPa)IAH模型，呼吸机参数不变，持续观察2h;随后置入食道测

压管，调整PEEP使呼气末Ptp≥0（为正值），其余呼吸机参数不变，持续观察2h。结果6只家猪均制模成

功，无一发生气压伤和死亡。与基础值比较，IAH后1h、2h模型猪心率（次/min）增快(134.3±5.8、127.3±

3.3比117.7±1.5)，MAP(mm Hg)、CVP(mm Hg)和PAWP(mm Hg)上升(MAP：120.7±3.8、117.3±4.8

比100.4±6.6，CVP：7.3±0.3、7.6±0.9比5.6±0.2，PAWP: 14.0±0.6、14.0±1.0比12.3±0.3)，CI

(L．min-1．kg-1)下降(0. 150±0.019、0.137±0.014比0.179±0.021)；Ppeak (cm H2O)、Pplat (cm H2O)、
Pes(cm H2O)上升(Ppeak:46.3±2.3、47.0±3.2比11.0±1.6，Pplat：25.7±1.3、26.0±1.6比9.0±0.6，

Pes：13.7±0.3、14.3±0.3比2.3±0.3)，Cst (ml/cm H2O)下降（8.3±0.3、9.0±0.6比23.0±1.6）；动脉血

氧分压(PaO2，mm Hg)和氧输送量(DO2，ml．min-·kg-1)均下降(PaO2：142.0±13.2、140.0±16．0比
166.3±11.3，DO2：19. 40±2.90、19.88±4.14比25.07±6.30)，差异均有统计学意义（均P＜0.05）。与

IAH常规机械通气同时间点各指标比较，通过食道压监测1h、2h时PaO2 (161.6±11.9、164．0±13.6)、

DO2(21.90±6.21、21.16±2.78)以及Cst（12.0±1.6、12.7±2.9）均明显改善，CI(0. 121±0.013、0.120±

0.012)则进一步下降，反映组织灌注的血乳酸(mmol/L)明显下降(1.60±0.12比2.70±0.44，1.67±
0. 07比2.27±0.13)，Pplat (31.3±3.4、31.7±3.2)显著升高，差异均有统计学意义（均P＜0.05）；而动脉血

二氧化碳分压(PaCO2)、心率、MAP、CVP、PAWP则无明显变化。结论  IAH状态下通过Ptp设定呼吸机参

数能改善模型猪的氧分压及Cst，对血流动力学指标影响较小。
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      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 (VT) was 10 ml/kg, respiratory rate (RR) was 16 bpm, inhaled oxygen concentration (FiO2) was 
0. 40 and positive end-expiratory pressure (PEEP) was set at 5 cm H2O (1 cm H2O=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 H2O 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 (PaO2) and carbon 

dioxide partial pressure of arterial blood (PaCO2) were measured by blood-gas analysis. Systemic oxygen 
delivery (DO2)and systemic oxygen consumption(VO2)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, 127.3±3.3 vs. 117. 7±1.5). MAP(mm Hg), CVP (mm Hg) and PAWP (mm Hg) became 
higher (MAP:120.7±3.8, 117.3±4.8vs. 100.4±6.6;CVP: 7. 3±0. 3, 7.6±0.9vs. 5.6±0.2;PAWP:
14.0±0.6, 14.0±1.0vs. 12.3±0. 3), CI (L·min-1 ·kg-1) was lowered (0.150±0.019, 0.137±0.014
vs. 0. 179±0. 021), Ppeak(cm H2O), Pplat (cm H2O), Pes (cm H2O) were increased significantly (Ppeak:
46.3±2.3, 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,

14.3±0.3 vs. 2. 3±0.3), Cst (ml/cm H2O), PaO2 (mm Hg) and DO2 (ml · min 1 · kg-1) showed 
significant lowering (Cst. 8. 3±0. 3, 9.0±0. 6 vs. 23. 0±1.6; PaO2: 142.0±13.2, 140. 0±16. 0 vs. 166. 3

±11.3; DO2: 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, PaO2, DO2 and Cst increased significantly (PaO2: 161.6± 11.9, 164.0± 13.6; DO2: 21.90±
6.21,21.16±2.78; Cst: 12.0±1.6, 12.7±2.9). CI became lower (0.121±0.013, 0.120±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. 70±0.44, 1.67±0.07 vs. 2. 27±0.13, both P＜0.05). PaCO2, 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.

      Intra-abdominal hypertension;  Transpulmonary pressure;  Porcine model;  Hemody
namics ;  Oxygen metabolism 

10.3760/cma. j. issn. 1003-0603.2011.09. 010

全军医药卫生科研基金资助项目(06G041)

    作者单位：210002江苏，南京大学医学院临床学院，南京军区南

京总医院全军普通外科研究所（倪海滨、李维勤、柯路、童智慧、聂垚、

李宁、黎介寿）;江苏省中西医结合医院急诊科（倪海滨）

万方数据



·557·

万方数据



@@[1]孙华，翁卫群，陈峰，等.腹内压监测在多器官功能障碍综合征
    防治中的意义.中国危重病急救医学，2004，16:687-688.

@@[2]曾红科.腹腔间隙综合征的研究进展.中国危重病急救医学，

    2006,18：446-448.
@@[3] Malbrain ML,Deeren D,De Potter TJ. Intra-abdominal hyper

     tension in the critically ill:it is time to pay attention. Curr Opin 

     Crit Care,2005,11:156-171.
@@[4] Al-Bahrani AZ, Abid GH, Holt A, et al. Clinical relevance of 

     intra-abdominal hypertension in patients with severe acute 

     pancreatitis. Pancreas, 2008,36 : 39-43.
@@[5] The Acute Respiratory Distress Syndrome Network. Ventila

     tion with lower tidal volumes as compared with traditional 

     tidal volumes for acute lung injury and the acute respiratory 

     distress syndrome. N EngI J Med,2000,342:1301-1308.

@@[6] Briel M,Meade M,Mercat A,et al. Higher vs lower positive 

     end-expiratory pressure in patients with acute lung injury and 

     acute respiratory distress syndrome: systematic review and 

     Meta-analysis. JAMA, 2010,303 : 865-873.
@@[7]中华医学会重症医学分会.急性肺损伤/急性呼吸窘迫综合征

    诊断和治疗指南(2006).中国危重病急救医学，2006，18:
    706-710.

@@[8] Talmor D,Sarge T, Malhotra A,et al. Mechanical ventilation 

     guided by esophageal pressure in acute lung injury. N Engl J 

     Med, 2008,359 : 2095-2104.

@@[9] Cheatham ML, Malbrain ML, Kirkpatrick A,et al. Results 

     from the international conference of experts on intraabdominal 

     hypertension and abdominal compartment syndrome Ⅱ. recom

     mendations. Intensive Care Med, 2007,33 : 951-962.

@@[10]倪海滨，李维勤，柯路，等．腹腔高压对急性坏死性胰腺炎血流
    动力学影响的实验研究.中华外科杂志，2011，49:428-431.

@@[11] Vivier E, Metton O, Piriou V, et al. Effects of increased 

      intra-abdominal pressure on central circulation. Br J Anaesth,

       2006,96: 701-707.

@@[12] Mentula P,Hienonen P,Kemppainen E,et al. Surgical decom

      pression for abdominal compartment syndrome in severe acute 

       pancreatitis. Arch Surg, 2010,145 : 764-769.
@@[13]黎介寿.腹腔间室综合征.肠外与肠内营养，2004，11:322-323.

@@[14]虞文魁，李维勤，李宁，等.急性胰腺炎并发急性肺损伤的影响
    因素及临床意义.中国危重病急救医学，2004，16:100-102.

2011-05-20

审校

万方数据



跨肺压监测设定呼吸机参数对腹腔高压模型猪血流动力学及氧代谢的

作用
作者： 倪海滨， 李维勤， 柯路， 童智慧， 聂垚， 李宁， 黎介寿， NI Hai-bin， LI Wei-qin， KE Lu，

TONG Zhi-hui， NIE Yao， LINing， L1 Jie-shou

作者单位： 倪海滨,NI Hai-bin(210002江苏，南京大学医学院临床学院，南京军区南京总医院全军普通外科研究所

;江苏省中西医结合医院急诊科)， 李维勤,柯路,童智慧,聂垚,李宁,黎介寿,LI Wei-qin,KE Lu,TONG

Zhi-hui,NIE Yao,LINing,L1 Jie-shou(210002江苏，南京大学医学院临床学院，南京军区南京总医院全

军普通外科研究所)

刊名：
中国危重病急救医学

英文刊名： Chinese Critical Care Medicine

年，卷(期)： 2011,23(9)

  

 
本文链接：http://d.g.wanfangdata.com.cn/Periodical_zgwzbjjyx201109010.aspx

http://d.g.wanfangdata.com.cn/Periodical_zgwzbjjyx201109010.aspx
http://d.g.wanfangdata.com.cn/Periodical_zgwzbjjyx201109010.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%80%aa%e6%b5%b7%e6%bb%a8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e7%bb%b4%e5%8b%a4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9f%af%e8%b7%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ab%a5%e6%99%ba%e6%85%a7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%81%82%e5%9e%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e5%ae%81%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%8e%e4%bb%8b%e5%af%bf%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22NI+Hai-bin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Wei-qin%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22KE+Lu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TONG+Zhi-hui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22NIE+Yao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LINing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22L1+Jie-shou%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22210002%e6%b1%9f%e8%8b%8f%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%a4%a7%e5%ad%a6%e5%8c%bb%e5%ad%a6%e9%99%a2%e4%b8%b4%e5%ba%8a%e5%ad%a6%e9%99%a2%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%86%9b%e5%8c%ba%e5%8d%97%e4%ba%ac%e6%80%bb%e5%8c%bb%e9%99%a2%e5%85%a8%e5%86%9b%e6%99%ae%e9%80%9a%e5%a4%96%e7%a7%91%e7%a0%94%e7%a9%b6%e6%89%80%3b%e6%b1%9f%e8%8b%8f%e7%9c%81%e4%b8%ad%e8%a5%bf%e5%8c%bb%e7%bb%93%e5%90%88%e5%8c%bb%e9%99%a2%e6%80%a5%e8%af%8a%e7%a7%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22210002%e6%b1%9f%e8%8b%8f%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%a4%a7%e5%ad%a6%e5%8c%bb%e5%ad%a6%e9%99%a2%e4%b8%b4%e5%ba%8a%e5%ad%a6%e9%99%a2%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%86%9b%e5%8c%ba%e5%8d%97%e4%ba%ac%e6%80%bb%e5%8c%bb%e9%99%a2%e5%85%a8%e5%86%9b%e6%99%ae%e9%80%9a%e5%a4%96%e7%a7%91%e7%a0%94%e7%a9%b6%e6%89%80%3b%e6%b1%9f%e8%8b%8f%e7%9c%81%e4%b8%ad%e8%a5%bf%e5%8c%bb%e7%bb%93%e5%90%88%e5%8c%bb%e9%99%a2%e6%80%a5%e8%af%8a%e7%a7%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22210002%e6%b1%9f%e8%8b%8f%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%a4%a7%e5%ad%a6%e5%8c%bb%e5%ad%a6%e9%99%a2%e4%b8%b4%e5%ba%8a%e5%ad%a6%e9%99%a2%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%86%9b%e5%8c%ba%e5%8d%97%e4%ba%ac%e6%80%bb%e5%8c%bb%e9%99%a2%e5%85%a8%e5%86%9b%e6%99%ae%e9%80%9a%e5%a4%96%e7%a7%91%e7%a0%94%e7%a9%b6%e6%89%80%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22210002%e6%b1%9f%e8%8b%8f%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%a4%a7%e5%ad%a6%e5%8c%bb%e5%ad%a6%e9%99%a2%e4%b8%b4%e5%ba%8a%e5%ad%a6%e9%99%a2%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%86%9b%e5%8c%ba%e5%8d%97%e4%ba%ac%e6%80%bb%e5%8c%bb%e9%99%a2%e5%85%a8%e5%86%9b%e6%99%ae%e9%80%9a%e5%a4%96%e7%a7%91%e7%a0%94%e7%a9%b6%e6%89%80%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22210002%e6%b1%9f%e8%8b%8f%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%a4%a7%e5%ad%a6%e5%8c%bb%e5%ad%a6%e9%99%a2%e4%b8%b4%e5%ba%8a%e5%ad%a6%e9%99%a2%ef%bc%8c%e5%8d%97%e4%ba%ac%e5%86%9b%e5%8c%ba%e5%8d%97%e4%ba%ac%e6%80%bb%e5%8c%bb%e9%99%a2%e5%85%a8%e5%86%9b%e6%99%ae%e9%80%9a%e5%a4%96%e7%a7%91%e7%a0%94%e7%a9%b6%e6%89%80%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-zgwzbjjyx.aspx
http://c.g.wanfangdata.com.cn/periodical-zgwzbjjyx.aspx
http://d.g.wanfangdata.com.cn/Periodical_zgwzbjjyx201109010.aspx

