
Open Access, Volume 3 

Cerebral arterial air embolism after bag-valve-mask ventilation
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Introduction

Cerebral Arterial Gas Embolism (CAGE) is a serious condition, 
which occurs as a complication of numerous invasive medical 
and surgical procedures performed in anesthesia or intensive 
care [1]. CAGE usually presents with stroke-like manifestations, 
sudden onset neurologic deficits and altered mental status.

Here, we report two nonoperative patients with cerebral ar-
terial air embolism who had CAGE after bag-valve ventilation 
from tracheostomies due to hypoxia.

Patient 1

An eighty-year-old tracheostomized male patient with a his-
tory of coronary arterial bypass grafting due to ischemic heart 
disease, paroxysmal atrial fibrillation, dilated cardiomyopathy, 
and severe Chronic Obstructive Pulmonary Disease (COPD) was 
hospitalized due to refractory decubitusulcers. The patient was 
being treated with antibiotics due to bacterial infection of his ul-
cers. On his 26th day of hospitalization, when he was awake and 
breathing room air, he started vomiting. He subsequently lost 
consciousness following a sudden decrease in oxygen satura-
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tion level to 85%. He was unresponsive to painful stimuli and his 
pupillary reflexes were absent. Immediately, tracheal aspiration 
was performed without any removal of gastric contents. Bag 
Valve (BV) ventilation was initiated through his tracheostomy 
tube. Oxygen saturation returned to normal range but his un-
conscious state did not improve. Cranial and thoracic Comput-
ed Tomography (CT) scans were obtained, revealing the pres-
ence of air bubbles within the cerebral vasculature of the right 
frontal subarachnoid space. Additionally, thoracic CT showed 
interstitial edema and centrilobular emphysema. An Echocar-
diography (ECHO) was obtained which revealed neither any in-
tracardiac pathologies nor right-to-left shunt. Ejection fraction 
was 43%, similar to his previous ECHOs. His pulmonary artery 
systolic pressure (PASP) was elevated to 70 mmHg, which was 
measured as 43 mmHg previously. He did not have any central 
lines inplace throughout his time in the hospital. An abdominal 
CT angiography was ordered due to the air images in the liver 
observed in his thoracic CT. His abdominal CT angiography re-
vealed air in the hepaticportal venous system and the proximal 
jejunal wall, which was consistent with acute mesenteric isch-
emia. While he was in the CT imaging room, his blood pressure 
and saturation dropped to 80/50 mmHg and 90%, respectively. 
He transferred to our Intensive Care Unit (ICU). When the pa-
tient was admitted to the ICU, his Glasgow Coma Scale (GCS) 
was 4 (Eye: 2 Verbal: 1 Motor: 1), his pupils were non-reactive 
and he was unresponsive. His APACHE II score was 25. He was 
put on mechanical ventilation in pressure support mode with 
Post End Expiratory Pressure (PEEP) of 6 cm H2O and pressure 
support above PEEP of 14 cm H2O at Fraction of Inspired Oxygen 
(FiO2) of 40%. An Internal Jugular Vein (IJV) catheter was placed 
in the ICU. Blood, urine and Endotracheal Aspirate (ETA) culture 
samples were collected. His antibiotic regimen remained the 
same. Neurosurgery and general surgery were consulted. Both 
suggested surgical interventions, which were refused by the pa-
tient’s family. In the ICU, the patient remained stable, did not 
require vasopressor support, but his mental status did not im-
prove. His cranial magnetic resonance imaging was obtained on 
the 5th day after the incidence, revealed sub acute ischemia in 
the arterial supply regions. After six days in the ICU, the patient 
was transferred back to the general ward. After twenty more 
days in the hospital due to his treatment of decubitus ulcers, he 
was discharged from the hospital without any improvements in 
his mental state.

Patient 2

A fifty-eight-year-old male patient without any known dis-
ease history was admitted to the hospital due to shortness of 
breath. A week prior to his admittance, the patient was diag-
nosed with COVID-19. On the 4th day in the COVID ward, he 
was transferred to the ICU due to severe hypoxemia. He was 
fully awake and cooperative. His APACHE II score was 13. Nonin-
vasive mechanical ventilation support was initiated. His therapy 
included an antiviral agent, prednisolone and anti coagulation. 
His condition deteriorated and he was placed on invasive me-
chanical ventilation. Antibiotic therapy was started for ventila-
tor associated pneumonia. He required high fraction of inspired 
oxygen and ventilatory support because of his lung fibrosis. He 
developed mediastinal subcutaneous emphysema which did 
not require any drainage. He was finally tracheostomized on his 
28th day in the ICU. After 60 days in the ICU, he was transferred 

Patient 1: Air bubbles within the cerebral vasculature of the right 
frontalsubarachnoid space.

Patient 1: Air in the hepatic portal venous system and the proximal 
jejuna wall.

to the ward on an home ventilator. At the time of transfer the 
patient was tracheostomized, fully awake, and oriented. On the 
7th day in the ward, his saturation abruptly dropped to 74% 
and he became hypotensive. Tracheal aspiration was unreveal-
ing and he was ventilated by BVM with 100% oxygen. His pupils 
were not reactive to light and anisocoria was noted. His GCS was 
3. He was immediately transferred to the ICU and vasopressor 
support was initiated. When the patient became hemodynami-
cally stable, CT images of the brain and chest were obtained. 
Cranial CT revealed air bubbles within the cerebral vasculature 
of the right frontal subarachnoid space and also in between cer-
vical muscle planes. Thoracic CT demonstrated pneumomedias-
tinum, interstitial emphysema, and signs consistent with acute 
respiratory distress syndrome all worsened compared to his 
previous thoracic CT scans, and new onset bilateral Pneu-mo-
Thorax (PTX). His old IJV catheter -which was placed a week be-
fore was occluded so a new central venous catheter was placed 
after his CT scans. Bilateral thoracostomy tubes were inserted 
for the treatment of his PTX. His ECHO, which was done one day 
prior to the incident did not show any structural abnormalities 
in the heart, or intracardiac shunts. Only distinguishable point 
was pulmonary arterial hypertension (PASP: 42 mmHg). Dur-
ing his ICU stay, his status did not improved, his vasopressor 
requirement escalated. On his 8th day in the ICU, he died due 
to refractory septic shock and respiratory distress. 

Discussion

Arterial gas embolism is a rare, life-threatening condition 
that needs early detection and rapid intervention. Infarciton 
in the effected arterial supply regions together with presence 
of air bubbles within the arteries should also raise awareness 
about arterial air embolism. The consequences of arterial gas 
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Patient 2: Air bubbles within the cerebral vasculature of the right 
frontal subarachnoid space.

Patient 2: Pneumomediastinum, interstitial emphysema, ARDS, bi-
lateral pneumothorax.

Table 1: 

Patient 1 Patient 2

Predisposing lung condition Severe COPD Covid-19 pneumonia

Tracheostomized Yes Yes

PASP 70 mmhg 42 mmhg

Intracardiac right- to-left shunt 
existence No No

Glasgow coma scale
(before /after) 15/4 15/3

embolism can be devastating. Patients can rapidly deteriorate 
from stable hemodynamics to total cardiovascular collapse.

Cerebral arterial air embolism is a relatively common prob-
lem in scuba divers. There are numerous case reports aimed to 
address this problem in the field of hyperbaric medicine. Scuba 
regulators deliver breathing gas to the diver at ambient pres-
sure and, if divers don’t exhale sufficiently during ascent, gas 
inspired at depth will expand. This expansion over-distends the 
lungs leading to Pulmonary Barotrauma (PBT). 

Iatrogenic arterial air embolism may result from the entry 
of gas during vascular cannulation procedures or PBT during 
mechanical ventilation in children and less commonly in adults. 
Simultaneous damage to respiratory and vascular tissues may 
lead to CAGE as a result of the gas passing from ruptured alveoli 
into the pulmonary veins and distributed into the systemic cir-
culation [2]. PBT is likely to occur in patients with predisposing 
pulmonary disease [3]. Although, barotrauma related to posi-
tive pressure ventilation is a frequently seen phenomenon, its 
relation to arterial air embolism is uncommon [4-6].

Paradoxical Air Embolism (PAE) which is defined as venous 
gas embolism entering the arterial circulation via a right-to-
left intracardiac shunt, such as an atrial septal defect or pat-

ent foramen ovale [2]. When intracardiac shunting cannot be 
demonstrated through cardiac imaging studies, the suggested 
underlying mechanism for PAE is transpulmonary passage. It is 
speculated that the transpulmonary air transport pathways (i.e. 
anatomic shunts) become functionally open in situations where 
pulmonary artery pressure becomes significantly elevated [8]. 
Presence of pulmonary arteriovenous malformations or induc-
ible large diameter intrapulmonary arteriovenous an astomoses 
in otherwise healthy individuals is another explanation for PAE. 
These inducible large diameter intrapulmonary arteriovenous 
anastomoses are thought to be closed at rest but can open dur-
ing hyperdynamic conditions. Arterial hypoxemia is found to re-
duce the filtering ability of the pulmonary microvasculature [9].

There are several case reports of CAGE observed after CPR. It 
is speculated that chest compressions cause the rupture of pul-
monary vessels in conjunction with parenchymal destruction of 
the lung, enabling air to enter the pulmonary veins and reach 
the systemic circulation [10].

Both of our patients had predisposing lung conditions. Af-
ter a period of desaturation, they were ventilated BVM through 
their tracheostomy tubes. We speculate that excessive use of 
BVM may have led to excessive positive airway pressure that 
lead to barotrauma since their lung parenchyma were already 
damaged. This barotrauma possibly resulted in air embolism as 
they did not have any demonstrable intracardiac shunt mecha-
nisms.

Conclusion

We would like to emphasize the importance of arterial gas 
embolism in ICU patients considering many of them are me-
chanically ventilated due to their predisposing lung diseases. 
Cerebral arterial gas embolism should be considered when sud-
den onset of neurological symptoms and loss of consciousness 
occur in this patient population. Additionally, patients with lung 
diseases should be treated with caution when additional posi-
tive pressure ventilation is needed.
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