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Purpose: Although venous air embolism is a well recognized 
complication within most surgical subspecialties, it has only 
been reported recently during eye surgery in one adult, and 
never before in a child. We describe the case of a 17-month-old 
boy who sustained a possible air embolism during repair of an 
open trauma of his right eye. 

Clinical features: A vitrectomy through the pars plana with 
air-fluid exchange of the posterior chamber was performed 
under general anesthesia to remove a foreign body which had 
impaled the optic nerve. A few minutes after removal of the 
foreign body, a notable decrease in end-tidal CO2, oxygen 
saturation and arterial blood pressure occurred, requiring 
administration of a high inspired oxygen fraction and vasopres-
sors. Venous air embolism was strongly suspected after other 
causes of a decrease of end-tidal CO2 and hypoxemia had been 
excluded. An arterial blood gas confirmed hypoxemia and respi-
ratory acidosis.

Conclusion: Although venous air embolism is a rare complica-
tion of eye surgery, it should nevertheless be considered as a 
possible complication during air-fluid exchange vitrectomy in 
children.
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Objectif : Bien que l’embolie gazeuse veineuse soit une compli-
cation bien connue dans la plupart des spécialités chirurgicales, 
celle-ci n’a été que récemment rapportée pendant une chirurgie 
oculaire chez un adulte, et jamais auparavant chez un enfant. Nous 
décrivons le cas d’un garçon de 17 mois qui a possiblement subi 
une embolie gazeuse pendant la réparation d’un trauma ouvert de 
son œil droit.

Éléments cliniques : Une vitrectomie à travers la pars plana avec 
un échange gaz-fluide de la chambre postérieure a été effectuée 
sous anesthésie générale afin d’extraire un corps étranger qui avait 
empalé le nerf optique. Quelques minutes après l’extraction du 
corps étranger, une réduction considérable du CO2 télé-expiratoire, 
de la saturation d’oxygène et de la pression artérielle est sur- 
venue, nécessitant l’administration d’une fraction élevée d’oxygène 
inspiré et de vasopresseurs. Après avoir exclu d’autres causes de la 
réduction du CO2 télé-expiratoire et de l’hypoxémie, une embolie 
gazeuse veineuse a été fortement suspectée. Un gaz artériel a 
confirmé l’hypoxémie et l’acidose respiratoire. 

Conclusion : Bien que l’embolie gazeuse veineuse soit une compli-
cation rare des chirurgies de l’œil, elle devrait néanmoins être con-
sidérée comme une complication possible durant une vitrectomie 
par échange gaz-fluide chez les enfants.

INTRAOPERATIVE venous air embolism 
(VAE) is a well recognized complication associ-
ated with numerous procedures performed in 
almost all surgical specialties.1 However the real 

incidence of VAE is probably underestimated since 
its diagnosis depends on the sensitivity of detection 
of methods used. Moreover, many cases of VAE are 
subclinal. It may indeed occur every time the site of 
the surgery is higher than the heart as in neurosurgi-
cal procedures done in the sitting position. Although 
VAE has been reported only recently during cataract 
surgery in one adult2 and never before in children, 
it may complicate ophthalmic surgery performed in 
the supine position in young children, since the head 
is relatively larger compared to the rest of the body 
in that age group, and above the level of the heart. 
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Written consent for publication of this report was 
obtained from the parents of the child. 

Case report
A 17-month-old boy with no pre-existing medical 
condition and with no allergies sustained a severe eye 
penetrating injury of his right eye. The metallic spring 
of his mother’s hair slide was propelled at high veloc-
ity into his right eye, through the cornea, anterior 
chamber, iris, and crystalline lens, impaling the optic 
nerve. Surgery was planned on an urgent basis.

Following application of routine monitors, and 
after pre-oxygenation a rapid sequence induction with 
the Sellick maneuver was performed with administra-
tion of atropine, propofol, fentanyl and rocuronium. 
The trachea was intubated easily and the child’s lungs 
were ventilated using a volume-controlled mode to 
maintain normocapnia with an air/oxygen mixture to 
obtain an F

I
O2 of 0.4.

Using a Millenium™ Microsurgical system (Bausch 
& Lomb Inc., Rochester, NY, USA) designed for use 
in both anterior and posterior segment surgeries, a 
pars plana vitrectomy was performed with removal of 
the vitreous and preretinal hemorrhages. The poste-
rior hyaloid was detached during the vitrectomy. The 

fundus examination revealed a branch of retinal artery 
occlusion and a branch of retinal vein occlusion in 
the nasal parts of the retina superiorly and inferiorly. 
Endolaser was performed with the EndoProbe to treat 
the ischemic part of the retina, as well as the peripheral 
retina on a 360° plane.

In order to prevent bleeding from central retinal 
vessels during removal of the intraocular foreign body, 
an intraocular tamponade was induced by raising the 
infusion pressure to 120 cm H2O. This was followed 
by an air-fluid exchange. A the end of the surgery, 
only a few minutes after removal of the foreign body, 
end-tidal CO2 (EtCO2) decreased sharply from 37 
to 10 mmHg, saturation from 99 to 88%, and sys-
tolic blood pressure from 100 to 65 mmHg (Figure). 
Pulmonary auscultation revealed a normal bilateral 
vesicular murmur with no evidence of bronchospasm 
or secretion. There was no increase in ventilatory pres-
sure. After excluding possible mechanical problems 
with ventilation, the possibility of VAE was strongly 
suspected. F

I
O2 was increased to 100%, the intrave-

nous line was checked for possible infusion of air and 
the intraocular air-fluid exchange was stopped by the 
surgeon. Administration of four doses of ephedrine (1 
mg iv) was necessary to restore adequate arterial blood 
pressure. End-tidal CO2 remained below 25 mmHg 
for the next two hours and arterial blood gas analysis 
confirmed a large EtCO2-PaCO2 gradient (Table). A 
chest x-ray showed no sign of pulmonary aspiration 
but bilateral perihilar infiltrates compatible with mild 
pulmonary edema were present, and resolved com-
pletely the next day. The patient was admitted to the 
intensive care unit approximately two hours after the 
event. An echocardiogram ruled out a septal defect of 
the heart. After discontinuation of sedation, the child 
awoke promptly and his trachea was extubated eight 
hours after the initial event with no neurological defi-
cit. He was discharged from hospital the next day. 

Discussion
The incidence of VAE in children undergoing neu-
rosurgical procedures varies from 26 to 82.6%.3–5 
The wide variability in reporting frequencies of this 
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FIGURE  Hemodynamic variables, oxygen saturation, and 
end-tidal CO2 (ETCO2) values at critical time points from 
induction of anesthesia to the end of surgery. 

TABLE  Laboratory results

Time F
I
O2 Arterial Arterial Arterial EtCO2 Bicarbonate

 (%) pH pCO2 pO2
   (mmHg) (mmHg) (mmHg) (mmol·L–1) 

2:45 100 7.163 57.6 64.2 10 17.1
3:06 100 7.240 46.6 215.0 22 18.3
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complication may be ascribed, at least in part, to the 
different means of detecting VAE and the relatively 
small number of children included in these studies. 
Nevertheless, in the largest pediatric retrospective 
study of children undergoing neurosurgery in the 
sitting position (n = 407), Harrison et al.6 reported a 
9.3% incidence of VAE, as detected by a decrease in 
EtCO2 > 3 mmHg, and a 20% incidence of secondary 
hypotension defined as a 10% or more drop in blood 
pressure. The incidence of VAE is not influenced by 
the ASA physical status.7

The lower incidence of VAE, as detected by 
Doppler ultrasonography in children (9.3–37%)4,6

 
compared to adults (7–50%) may be explained in part 
by the relatively high dural sinus pressure in children 
compared to adults.8 It is recognized that an equiva-
lent air bubble size would theoretically have a more 
profound impact in children. Although the lethal 
volume of air is estimated to be 200 to 300 mL in 
adults,9 a slower rate of air entrainment (0.05 to 0.30 
mL·kg–1·min–1)10 may be tolerated due to the time 
constant for gas dissipation via the large surface area 
of the alveoli. The ability to tolerate VAE appears to 
require intact endogenous nitric oxide production 
mechanisms.11 

Entrainment of air into the pulmonary arterioles 
may induce reflex pulmonary bronchoconstriction 
and vasoconstriction through different mechanisms; 
release of endothelin-1,12 platelet aggregation, and 
release of platelet activator inhibitor, which may 
precipitate a systemic inflammatory syndrome.12,13 A 
large air embolus may also create an air-lock within 
the right ventricle obstructing pulmonary blood flow. 
Secondary pulmonary hypertension may lead to a 
left shift of the interventricular septum, a diminished 
preload of the left ventricle, diminished cardiac out-
put and systemic hypotension. The increase in dead 
space produces hypoxemia and a discrepancy between 
PaCO2 and EtCO2. The subsequent increased pul-
monary vascular permeability may lead to pulmo-
nary edema and aggravate hypoxemia. Although this 
patient did not experience any electrocardiogram 
(ECG) changes, large P waves are frequently observed 
in association with air embolism, which are usually the 
first ECG alterations to be noted, followed by tachyar-
rhythmia and even ST-T changes.

Once other potential causes have been excluded, 
VAE caused by entrainment of air through the central 
retinal vein appears to be the most plausible explana-
tion for the abrupt decrease in PaCO2, hypoxemia 
and hemodynamic instability observed in our patient. 
Anaphylaxis was also considered, but since there was 
no sign of bronchospasm, no urticarial rash and no 

temporal association with drug administration, spe-
cific IgE concentrations and plasma tryptase were not 
measured. Venous air embolism may be the result 
not only of anterograde venous air entrainment but 
it may also follow retrograde venous and arterial 
routes and even epidural routes.14 A negative pressure 
gradient or positive pressure insufflations of gas or a 
liquid-gas mixture, as in the case described, may cause 
VAE.1 Indeed, it has been estimated that laminar flow, 
inflated with ΔP of 20 mmHg (air inflation pressure 
40 mmHg – intraocular pressure 20 mmHg) through 
a 20-G inflation cannula could result in a theoretical 
flow of 1600 mL·min–1.2 This is well above the lethal 
rate of air entrainment, although the flow created by 
the air-fluid exchange within the eye is not laminar.

Several methods exist to detect VAE with varying 
degrees of specificity and sensitivity. The esophageal 
stethoscope is not a sensitive monitoring for VAE. 
The classical millwheel murmur was not present in our 
patient. Indeed it can be heard in only 5% of patients7 
and does not occur unless air enters the venous circula-
tion at a rate of 1.9 mL·kg–1·min–1

. Pulse oximetry and 
airway pressure monitoring are neither sensitive nor 
reliable indicators of VAE.15 End-tidal CO2 monitor-
ing has a threshold sensitivity of 0.4 mL·kg–1·min-1

 
which is less than that of ultrasound Doppler and 
transesophageal echocardiography. Precordial ultra-
sound Doppler is the most sensitive non-invasive 
monitoring tool to detect VAE and is sensitive to 
within 0.05 mL·kg–1, although it provides non-quan-
titative monitoring. A Doppler signal can be obtained 
more reliably and be as sensitive at detecting VAE if 
positioned at the left parasternal border vs the right 
parasternal border. Transesophageal echocardiography 
is the most sensitive monitoring modality for detecting 
microbubbles (0.02 mL·kg–1) in the right and left car-
diac chambers,16

 but remains an invasive and expensive 
monitor that requires substantial operator training. 

We performed a contrast echocardiogram in the 
immediate postoperative period to rule out any intra-
cardiac septal defects,4,17 since a patent foramen ovale 
(PFO) can be present in about 20% of the normal 
population, and paradoxical air embolism usually 
occurs following more severe VAE.16 Moreover, the 
presence of PFO is not an absolute prerequisite for a 
paradoxical systemic air embolism. Indeed, air bubbles 
smaller than 10 µ in the right side of the heart may 
reach the systemic circulation through pulmonary 
and pleural capillaries, bronchial veins, pulmonary 
arteriovenous fistulae, venae cordis minimae or ante-
rior cardiac veins.18 Cerebral computed tomography 
scans can be used to confirm cerebral air embolism, 
although a normal computed tomography scan cannot 
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rule out a cerebral air embolism and should not delay 
specific treatment (hyperbaric oxygen therapy). 

Successful management of VAE implies early detec-
tion and prevention of further venous air entrain-
ment. Nitrous oxide administration, if used, must 
be discontinued at once and not reintroduced since 
it increases the volume of the air bubbles. Inspired 
oxygen fraction should be increased to 100% to 
optimize oxygenation and to decrease the size of 
the air embolus. Repositioning the patient in the left 
lateral position (Durant maneuver), to confine the air 
embolus away from the right ventricle outlet, or in the 
Trendelenburg position, has no clear benefit.19

Although large airway pressure variations should 
be avoided, positive pressure ventilation is desirable. 
Administration of positive end expiratory pressure 
(PEEP) has been used without convincing evidence 
of any beneficial effect and should be used only to 
improve oxygenation. Bilateral compression of the 
jugular veins significantly increases the sagittal sinus 
pressure8 but cannot be recommended as part of the 
initial treatment of VAE during eye surgery 

1 Elevated 
venous pressure may promote collection of air bubbles 
in the superior vena cava and even in the internal jugu-
lar veins reducing the risk of massive air embolism.20 
This can be accomplished by fluid administration.

Dobutamine, epinephrine and norepinephrine have 
all been used successfully for hemodynamic support. 
Cardiopulmonary resuscitation must be instituted 
at once if cardiovascular collapse occurs. Moreover, 
external cardiac massage would have the capacity of 
displacing air within the cardiac chambers.21 Air can 
be retrieved from the central venous line in only 6% 
of the cases. Efficiency of air retrieval depends on the 
type and position of the catheter used (mono-orifice 
vs multi-orifice catheter), patient position and orien-
tation of the heart. Their insertion during the acute 
phase of a VAE is not recommended and should not 
delay resuscitation maneuvers.

Hyperbaric oxygen therapy (HOT) has been advo-
cated for the management of VAE complicated with 
arterial air embolism.22 Its benefits are increased if 
instituted within six hours after the occurrence of a 
VAE, but success associated with delayed adminis-
tration has also been reported.23 Administration of 
repetitive HOT is recommended until no further 
improvement is observed.

Perfluorocarbons are artificial oxygen-carrying 
compounds with extremely high solubility for gases 
that have been studied as blood substitutes used to 
reduce the volume of air bubbles and to improve 
outcome of cerebral air embolisms.24 In cerebral air 
embolism animal models, prophylactic administration 

of lidocaine reduced depressant effects of gas embo-
lism on somatosensory evoked potentials and attenu-
ated the increase in intracranial pressure.25 

In conclusion, symptomatic VAE is a rare complica-
tion of pars-plana vitrectomy and air-fluid exchange, 
although the exact incidence of air entrainment is 
not known. Nevertheless, it should be considered 
in the differential diagnosis of a patient who experi-
ences an abrupt decrease of EtCO2, arterial desatura-
tion, arrhythmias or hemodynamic instability. In case 
of delayed emergence from anesthesia, neurological 
abnormalities or signs of myocardial ischemia, HOT 
should be strongly considered as soon as the patient has 
been stabilized. End-tidal CO2 is sufficiently sensitive 
for VAE detection during vitrectomy that routine use 
of more invasive monitoring is not justified, although 
precordial ultrasound monitoring may be considered in 
procedures at higher risk of intraocular bleeding. 
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