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Compressions for Portal Vein Air Embolism Evacuation
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Abstract

Laparoscopic entry into the abdomen with subsequent insufflation can 
be achieved via an open or closed approach. A risk that is often over-
looked as a result of its rarity is a venous air embolism (VAE) from 
carbon dioxide (CO2) insufflation. Although both closed and open tech-
niques of entry into the abdomen contribute to an extremely low risk for 
VAE, when the effects are clinically significant the mortality rate has 
been reported to be as high as 28%. In this report we present a case of 
a 64-year-old female who underwent a closed approach for entry into 
the abdomen for elective hepatic cystectomy, who subsequently went 
into cardiopulmonary arrest and was found to have imaging findings 
suggestive of VAE localized to the portal vein. Successful management 
decisions presented in this case report will serve as possible options 
for physicians to employ when encountering a similar intraoperative 
complication.
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Introduction

Modern surgery has relied heavily on the use of laparoscopy 
both to enhance visualization as well as to decrease postopera-
tive morbidity in patients undergoing intra-abdominal proce-
dures. Insufflation of the abdomen is typically obtained using 
carbon dioxide (CO2), in order to achieve proper visualization 
thus allowing for adequate maneuverability during procedures. 
Although rare, there is a risk for an air embolism from the 
insufflation process. The risk is considerable when underlying 
organs or vascular supplies are infiltrated during the insuffla-
tion process, most commonly with a Veress needle [1]. The 
pathophysiology contributing to an air embolism has potential 

to hold severe consequences as it has the capability of imped-
ing right ventricular outflow to the point where cardiopul-
monary arrest can occur. A mortality rate as high as 28% has 
been reported with CO2 embolism [2]. Here we describe a case 
where upon closed entry into the abdomen via Veress needle, 
there was inadvertent intraparenchymal insufflation which led 
to cardiopulmonary arrest with successful subsequent manage-
ment and ultimately stabilization of our patient.

Case Report

Our patient is a 64-year-old female with pertinent past medical 
history of right lobe hepatic cyst and past surgical history of 
cholecystectomy who presented to surgery clinic for elective 
resection of her liver cyst. She was initially diagnosed with this 
massive cyst 5 years prior, where she had a computed tomog-
raphy scan of her abdomen and pelvis after she had present-
ed with intractable nausea and vomiting, and was ultimately 
found to have gastroenteritis (Fig. 1a, b).

The patient was scheduled for diagnostic laparoscopy, re-
section of liver cyst and intraoperative ultrasound. Discussion 
with the anesthetic team and the surgeons noted that prior to 
surgery, two large-bore intravenous catheter (IVs) and a post in-
duction arterial line would be appropriate for the case. In the op-
erating room a closed technique was used to enter the abdomen. 
Two attempts were made to enter the abdominal cavity using a 
Veress needle at Palmer’s point. Both attempts at entry into the 
abdomen demonstrated elevated cavitary pressure. During the 
first attempt for entry into the abdomen a pressure of 15 mm 
Hg was noted, Veress needle was subsequently removed and an 
insertion site lateral to the initial point was used. During this sec-
ond attempt at entry, a pressure of 54 mm Hg was noted. At this 
point the anesthesiologist in the operating room notified the sur-
gical team that the patient became hypotensive, tachycardic with 
end-tidal CO2 rapidly diminished from baseline of 35 mm Hg to 
7 mm Hg. Once the anesthesiologist noticed the change within 
seconds after insufflation, multiple events took place simultane-
ously. Assistance from anesthesia team was called for, manual 
ventilation confirmed endotracheal intubation with repeat direct 
laryngoscopy. Due to significant hypotension, epinephrine 500 
µg was administered as a bolus, and chest compressions were 
initiated by the surgical team for one round. The patient’s pulse 
was palpable and blood pressure was noted to improve towards 
baseline within 90 s. Once the patient was hemodynamically 
stable central venous access was achieved with a triple-lumen 
catheter (TLC) in the right internal jugular vein. After place-
ment, air was noted to be mixed with blood upon aspiration. 
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Subsequently, transesophageal echocardiography (TEE) was 
used for confirmation of the TLC placement. Intraoperative 
TEE demonstrated air in the portal vein, in the midesophageal 
bicaval view it showed air jetting in from the inferior vena cava, 
and in the midesophageal four-chamber view there was air noted 
in the right atrium and ventricle (Fig. 2a-c). No patent foramen 
ovale (PFO) was noted.

Following stabilization, there was diffusion of the em-
bolism from the portal system and the heart that by the time 
the TEE was completed no more air was present in the sys-
tem. The patient was extubated with no neurological deficits 
and transported to the Surgical Intensive Care Unit where she 
was evaluated and managed for hemodynamic and respiratory 
stability. A follow-up computed tomography of abdomen and 
pelvis was ordered which showed some residual air within the 
liver parenchyma, and minimal amount of air within the major 
vascular structures within the abdomen or pelvis (Fig. 3a, b).

The patient was observed, evaluated and medically op-
timized until she was discharged a few days postoperatively 
with instructions to report back the upcoming week for elec-
tive resection of the right hepatic cyst. In this final operation, 
the patient tolerated diagnostic laparoscopy, segment 6/7 cys-
tectomy as well as fulguration of cyst wall. In this second at-
tempt at cyst resection, as opposed to the initial decision of in-
sufflating the abdomen via entry into the abdomen at Palmer’s 
point, a supraumbilical incision was made, using Hasan tech-
nique to enter the abdomen. Entry pressures were noted to be 
2, following which appropriate pneumoinsufflation pressures 
were noted. Careful dissection using Ligasure was employed 
to perform the cystectomy. Cyst fluid was aspirated, and cyst 

wall was sent to for pathologic analysis which found solitary 
unilocular cyst compromising of single layer of cuboidal bil-
iary type epithelium. Following full resection of the cyst, the 
argon beam was used to coagulate the cyst wall that remained. 
Our patient was extubated, recovered well in the postoperative 
care unit and was discharged that same day.

Discussion

Although a very rare occurrence, venous air embolism from 
laparoscopic insufflation can have devastating outcomes. Mul-
tiple case reports have shown similar events due to hepatic 
anatomical differences. The main underlying principle is rapid 
identification of potential life-threatening differentials. Pos-
sible differentials of anaphylaxis, extubation, kinked endotra-
cheal tube, an obstructive process, or spontaneous pulmonary 
embolism (PE), should be considered. A theoretical dose of 
100 mL of air has the capability to fill the chambers of the right 
heart, which can quickly lead to fatal cardiac arrest. A higher 
suspicion and vigilance should be set in a protocolized fashion 
to avoid negative outcomes. We would argue for all hepatic 
cases to have a protocolized approach in regard to communica-
tion between anesthesia and surgery, in regard to surgical plan, 
perioperative access and management. Venous and arterial ac-
cess prior to surgery for the potential mitigation of treatment of 
unexpected complications should be protocolized, as patients 
with aberrant intraabdominal pathology can have significant 
negative outcomes. An algorithmic approach to hepatic sur-
gery can help reduce the effects of negative outcomes.

Figure 2. Transesophageal echocardiography showing findings suggestive of portal vein embolism.

Figure 1. Computed tomography scan showing right hepatic cyst. (a) Coronal view. (b) Transverse view.
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Incidence

CO2 embolism is a rare complication of laparoscopic proce-
dures. In a meta-analysis conducted in 1997, nearly 500,000 
closed entry laparoscopic procedures were studied, out of which 
there was a reported seven cases (0.001%) of CO2 emboli. An-
other report found the incidence of CO2 emboli specifically 
within laparoscopic liver biopsy cases to be one in approximate-
ly 64,000 (0.0016%) cases [3]. As previously explained, the in-
cidence is extremely low; however when a patient develops a 
clinically significant venous air embolism there is potential for a 
fatal outcome, with a reported mortality rate as high as 28% [2].

Clinical features

Clinical features that suggest a CO2 embolism are all derived 
from the ultimate physiologic effect of right ventricular outflow 
obstruction. Common symptoms that should raise suspicion for 
an air embolus is right and left heart strain or failure, arrhythmia/
electrocardiogram (EKG) abnormalities, signs of pulmonary 
hypertension, systemic hypotension, “mill-wheel” murmur, de-
creased end-tidal CO2 and possible cardiovascular collapse [1].

Diagnosis

Intraoperative options for detection of CO2 embolism includes 
visual detection of air embolism or recognition of the physi-
ological changes associated with an embolization. The most 
common physiological changes noted in cases with air embo-
lism have been tachycardia, cardiac arrhythmias, hypotension, 

and rapid desaturation [4]. Both end-tidal CO2 monitoring as 
well as transesophageal Doppler have been used for detection 
of a CO2 embolism [5]. Specifically, a rapid decrease in end-
tidal CO2 is an appropriate indicator of a CO2 embolism. A 
study comparing the sensitivity for embolism using end-tidal 
CO2 monitoring and transesophageal Doppler was conducted 
on 10 pigs who were administered a successively larger intra-
venous CO2 bolus. This study showed that the transesopha-
geal Doppler was more sensitive with smaller concentrations 
of CO2, with comparable sensitivity at larger concentrations.

Management

The general goals of management for a patient with suspected 
CO2 embolus is to initially prevent further CO2 entry, followed 
by reduction in the volume of the embolism while at the same 
time providing hemodynamic support [6]. To help prevent fur-
ther CO2 entry, it is imperative to immediately discontinue in-
sufflation and place patient in Durant’s position. Durant’s po-
sition requires the patient to be placed in left lateral decubitus 
and Trendelenburg position. The purpose of this positioning is 
to help facilitate the passage of the air embolism away from the 
right ventricular outflow tract and into the right atrium instead, 
in order to avoid cardiopulmonary arrest [7]. An increase in 
the respiratory rate and tidal volume, with maintained positive 
end-expiratory pressure should also be initiated to minimize 
any gas entrapment and increase the gradient for evacuation 
of CO2 [8]. In patients who have central venous access, aspira-
tion has been reported to be successful in evacuation of the air 
embolism [7-9]. Theoretically once patient is in Durant’s posi-
tion, aspiration using central venous access would have an in-
creased likelihood of successful evacuation of the air embolus.

Figure 3. Computed tomography of chest, abdomen, and pelvis showing air within the hepatic vasculature. (a) Coronal view. (b) 
Sagittal view.
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Conclusions

In summary, we present a case of a CO2 embolism during a 
laparoscopic cystectomy where insufflation was attempted via 
a closed approach. Our report serves as a reminder that this po-
tentially fatal complication can occur however, there are man-
agement decisions which may decrease the risk for adverse 
outcomes. Specifically, insufflation should be stopped imme-
diately, the patient should be placed in Durant’s position, and 
an increase in tidal volume as well as respiratory rate should 
be adjusted on mechanical ventilation. Lastly, if possible, an 
attempt at aspiration of the embolus should be attempted.
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