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Abstract 

Background: There is a risk of significant complications due to paradoxical gas embolism during tricuspid annuloplasty under 

non-stop extracorporeal circulation without aortic block. Intraoperative real-time transesophageal echocardiography (TEE) is 

the most sensitive indicator for the detection of gas embolism. Case: This case present a patent ductus arteriosus (PDA) patient 

with pulmonary hypertension and severe tricuspid regurgitation scheduled for PDA closure and tricuspid annuloplasty. 

Intraoperative real-time TEE also showed a large number of small bubbles appearing in the left atrium near the orifice of the 

pulmonary vein. This case demonstrates that the amount of bubbles from the right heart may have exceeded the gas exchange 

capacity of the lung and entered the left atrium through the pulmonary vein. The patient delayed awakening after surgery and 

developed convulsive symptoms, decreased muscle strength of the left extremity, and head MRI suggested the possibility of 

acute cerebral embolism. Lessons: As a relatively simple tricuspid annuloplasty under non-stop extracorporeal circulation 

without aortic block, surgical may have catastrophic arterial embolism complications. 
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1. Introduction 

The technique of non-stop beating-heart tricuspid valvulo-

plasty in reoperative cardiac surgery represents a novel ap-

proach [1]. The outcomes for this technique in the treatment 

of severe tricuspid regurgitation following cardiac surgery are 

favourable. An air embolism has previously been reported 

after cardiac surgery with cardiopulmonary bypass (CPB) 

[2-4]. Patent foramen ovale (PFO), ventricular septal defect, 

and patent ductus arteriosus may lead to paradoxical gas 

embolism [5, 6]. Paradoxical gas embolism may also occur 

during laparoscopic surgery without intracardiac right-to-left 

shunt [7, 8]. Paradoxical gas embolism represents an un-

common cause of acute arterial embolism. It has the potential 

to affect both the coronary arteries, resulting in myocardial 

ischaemia, and the cerebral vessels, leading to ischaemic 

stroke. Real-time transesophageal echocardiography (TEE) 

can usually detect intraoperative cardiac function very well, 

especially in structural heart disease surgery also plays a very 

important role, meanwhile, the detection of residual gas in the 
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heart cavity is even easier, so-called “the doctor's third eye”. 

Intraoperative transesophageal echocardiography is a sensi-

tive and reliable tool for real-time detection of gas embolism 

[9]. This case demonstrates how the vigilant anaesthesiologist 

used intraoperative real-time TEE to detect a significant 

amount of gas leaking from the pulmonary veins during 

non-stop extracorporeal circulation for tricuspid annuloplasty 

surgery, causing a cerebral arterial air embolism. 

2. Case Report 

A 35-year-old female was admitted to the hospital for re-

cent exertional dyspnea. The admitting transthoracic echo-

cardiography (TTE) showed patent ductus arteriosus (PDA) 

(Figure 1A) with pulmonary hypertension and severe tricus-

pid regurgitation. The elective surgery involved closing the 

PDA and tricuspid annuloplasty techniques under cardio-

pulmonary bypass (CPB). Following a standard cardiac in-

duction with propofol, sufentanil, and rocuronium, 

transesophageal echocardiography (TEE) was placed. The 

patient underwent PDA repair and tricuspid annuloplasty 

under CPB, and real-time TEE showed that moderate regur-

gitation remained after tricuspid valve surgery (Figure 1B). 

The cardiac surgeon immediately decided to do tricuspid 

annuloplasty again under non-stop extracorporeal circulation 

without blocking the aorta. Intraoperative real-time TEE 

detected that a large amount of gas was gushing from the 

pulmonary vein into the left atrium (Figure 1C). Immediate 

head-down position and enhanced aortic root exhaustion were 

performed. The operation was completed within seven hours 

and twelve minutes, and there was three hours and ten minutes 

of extracorporeal circulation time. 

 
Figure 1. (A) Transthoracic echocardiography showing patent ductus arteriosus (red arrow). (B) Transesophageal echocardiography showing 

moderate regurgitation tricuspid valve after first postoperative (red arrow). (C) Transesophageal echocardiography shows a large amount of 

gas coming out of the pulmonary veins (red arrow). (D) Postoperative magnetic resonance imaging of the head image showing several cerebral 

infarct area (red arrow). 

After surgery, the patient was transferred to intensive care 

unit (ICU) with an endotracheal tube around 5:00 pm. Upon 

reaching the ICU, halt the use of sedatives to prepare for the 

removal of the tracheal tube and ventilator. The patient 

experienced delayed awakening after surgery and developed 

convulsive symptoms at approximately 9 hours. The patient 

received immediate sedation and antiepileptic therapy. At 

that stage, the differential diagnosis was a neurological 

complication, either ischemic or hemorrhagic, seizure, or air 

embolism. A magnetic resonance imaging (MRI) scan was 

performed and the MRI showed: diffusion restriction and 

cortical damage in the right frontotemporo-parieto-occipital 

lobe and the left occipital region (Figure 1D), which were 

considered to be associated with left cardiac systemic intake 

as depicted by the imaging. The hypothesis of air embolism 

was discussed in consultation with the surgical surgeon and 

the neurosurgeon. Intraoperative real-time TEE identified 

evidence of air entry into the left cardiac system, and the 

procedure also confirmed that there were a significant 

amount of air bubbles after decanulation of the aorta, which 

is an occasional occurrence with CPB that maintains heart-

beat. 

On the afternoon of the second day after surgery, she was 

extubated, and her neurologic examination showed that her 
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left limb muscle strength was approximately grade I, with no 

pathologic signs elicited, and her right limb muscle strength 

was approximately grade III, with no other neurologic find-

ings. On post-operative day 13 after receiving rehabilitation 

and treatment, the patient was discharged with good clinical 

condition and could move around. 

3. Discussion 

A potentially catastrophic event, air embolism can involve 

the venous or arterial vasculature. Paradoxical gas embolisa-

tion may occur in structural heart abnormalities such as PFO, 

ventricular septal defect and patent ductus. There have been 

several reports of paradoxical gas emboli during laparoscopy 

[7, 8, 10, 11], with intraoperative TEE showing numerous left 

atrial and ventricular air bubbles, but no evidence of right-left 

shunting on pulmonary angiography or contrast echocardio-

gram. 

In this patients, intraoperative TEE did not evidence of 

atrial or ventricular septal defects or PFO. However, in-

traoperative real-time TEE demonstrated a considerable 

number of small bubbles within the left atrium in the region of 

the orifice of the pulmonary vein. It is recommended that 

tricuspid annuloplasty under non-stop extracorporeal circula-

tion without aortic block be performed with particular vigi-

lance for the potential for left heart systemic air intake. 

TEE is the most sensitive indicator for the detection of gas 

embolism. Gas as small as 0.19mL/kg or gas bubbles of 5-10 

microns can be detected, which is currently considered to be 

the gold standard for diagnosing gas embolism [12]. In-

traoperative real-time TEE can quickly confirm the diagnosis 

and be the guidance for treatment. TEE did not reveal any 

intracardiac shunt in this patient, but bubbles filled the left 

heart chamber. In addition to intracardiac shunt, bubbles from 

the right heart to the left heart can be for the following three 

reasons: First, the intrapulmonary shunt may be present [5]. 

Intrapulmonary shunting can occur by intrapulmonary vas-

cular dilatation (up to160mm) at the precapillary level, or by 

direct arteriovenous communications in patients with liver 

cirrhosis. Second, pulmonary capillary filtration. Small 

amounts of venous gas embolism are often tolerated due to 

filtration by pulmonary capillaries. The dog's venous gas 

embolism experiment proves that when the gas diffusion rate 

is lower than 0.3ml/kg/min, the venous gas bubbles can be 

completely filtered through the pulmonary capillaries [13]. 

When the gas doses were increased to 0.35 ml/kg/min, the 

filtration threshold was exceeded with the arterial spillover of 

bubbles occurring in 50% of the animals and reaching 71% for 

0.40 ml/kg/min. Third, pulmonary arteriovenous malfor-

mation [14]. When the patient has a congenital pulmonary 

arteriovenous malformation, the pulmonary artery and pul-

monary vein are directly connected without capillaries, and 

bubbles can directly reach the left heart through the arterio-

venous malformation, causing the cerebral embolism [15]. 

Therefore, even patients without an intracardiac shunt require 

heightened vigilance, with the potential for left heart systemic 

air intake during tricuspid annuloplasty under non-stop ex-

tracorporeal circulation without aortic block. 

As in this case, cerebral embolism was caused by arterial 

embolism in the absence of an intracardiac shunt. The patient 

delayed awakening after surgery and developed convulsive 

symptoms, decreased muscle strength of the left extremity, 

and head MRI suggested the possibility of acute cerebral 

embolism. When TEE found that this patient had bubbles in 

the left heart, means that it could reach the coronary artery, 

ascending aorta, brain, and systemic organs through the left 

heart, probably resulting in cerebral arterial embolism. After 

conservative treatment, the patient was discharged 13 days 

after the operation with good clinical condition and could 

move around. 

4. Conclusion 

As a relatively simple tricuspid annuloplasty under 

non-stop extracorporeal circulation without aortic block, 

surgical may have catastrophic arterial embolism complica-

tions. This case demonstrates the full course of fatal gas em-

bolism and difficult resuscitation during tricuspid annulo-

plasty under non-stop extracorporeal circulation without aor-

tic block, and emphasizes the importance of Real-Time TEE 

for early detection, and prompt intervention. 

Abbreviations 

TEE Transesophageal Echocardiography 

PDA Patent Ductus Arteriosus 

CPB Cardiopulmonary Bypass 

PFO Patent Foramen Ovale 
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MRI Magnetic Resonance Imaging 
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