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Gas embolism during laparoscopic surgery: the real concern
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Yonsei University, Korea

For laparoscopic surgeries, venous air embolism has been regarded as a rare complication with an incidence 

of 0.014 - 0.6%. However, because this incidence mostly includes the severe cases that caused significant hemo-

dynamic deterioration, the “real clinical incidence” of gas embolism is likely to be higher than reported. [1, 2] 

Cases of negligible impact and no sequelae may have been simply documented as a single comment in the anes-

thetic record, and most likely not individually reviewed in a large case series. Using transesophageal echocardiog-

raphy revealed a 69% incidence of CO2 embolism during laparoscopic cholecystectomy. [3] In laparoscopic hyster-

ectomy cases, venous air embolism was observed in all enrolled patients (82 patients), with 37.5% showing sig-

nificant amounts of gas embolism. [4]

The most important mechanical factors that decide the impact of a venous air embolism are the volume of 

air and the rate of entry. While the lethal amount of air is known to be 200 - 300ml or 3 - 5ml/kg in adults, 
[5] the median lethal volume of CO2 embolism was found to be 25ml/kg in dogs, which corresponds to roughly 

1750ml in a 70kg person. [6] However, CO2 is not always safe despite its high solubility. In addition, some authors 

have warned that air in the CO2 insufflation tube may lead to fatal complications. [7, 8] Higher intra-abdominal 

pressures are also known to increase the event of gas embolism. [9-11]

Most cases of CO2 embolism are thought to occur in the initial phase of surgery or during surgical inter-

ventions; however, cases of delayed development have been also reported. A CO2 emboli that is too large to be 

dissolved in the bloodstream may remain entrapped in the portal system, and be gradually released into the caval 

system. [12] Therefore, an uneventful operation and emergence from anesthesia should not be regarded as risk-free 

of gas embolism. [1, 12] 

The common causes of venous air embolism related with surgical procedures are as follows.

(1) Misplacement of the Veress needle directly into a vein. [13]

(2) Openings in an injured vessel, either in the abdominal wall or at the operative site. [14-17]

(3) Dissection of liver parenchyma under pnemoperitoneum. [18]

The reasons why we should be aware of subclinical venous air embolisms can be summarized as follows.
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(1) A venous air emboli may enter the systemic circulation through a PFO; the incidence of PFO in the 

general population is about 20-30%. The mortality of systemic gas embolism is as high as 30%. [17]

(2) Venous air can enter the systemic circulation even when there are no intracardiac shunts such as PFO; 

paradoxical air embolism can also arise through abnormal vascular shunts in pathologic masses or trans-

pulmonary passage. [19-24]

(3) Gas embolism can induce a systemic inflammatory response syndrome (SIRS) regardless of its amount. 
[25] When air contacts a pulmonary vessel, endothelin-1 is secreted. In addition, microvascular flow ob-

struction by air induces platelet aggregation and secretion of plasminogen activator inhibitors, which re-

sult in triggering of the cytokine cascade and finally SIRS. [25, 26] A CO2 emboli as small as 0.4ml/kg 

was found to induce respiratory or cardiovascular detrimental effects which were maintained more than 

4hours. [27]

Therefore, in order to enhance the safety of patients undergoing laparoscopic procedures, any efforts should 

be made toward vigilant monitoring as well as cautious manipulation in the surgical field.
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