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Endoresection of uveal melanoma involves vitrectomy, excision of
tumour, retinal-laser under pefluorocarbon liquid (PFCL), PFCL-
silicone oil (SO) exchange and cryotherapy to the sclerotomies.
Intraoperative pressurised air is avoided as it can enter the
bloodstream through vortex veins with potentially fatal pulmon-
ary air embolism [1]. Perfluorodecalin (PFD) has been reported to
enter the circulation during endoresection [2], with no systemic
complications reported.
We describe a case of fatal gas embolism a few hours after

endoresection using intraoperative perfluoro-n-octane (PFO) and
discuss whether egress of PFO could be causal.

CASE REPORT
A 59-year-old man had choroidal melanoma endoresection under
general anaesthesia. Intraocular pressurised air was not used.
Surgery and anaesthetic were uneventful. The retina was stabilised
with PFO with a possible egress of 8cc into the pulmonary
circulation. After monitoring, he recovered uneventfully and was
discharged the same day without apparent discomfort or
difficulty. He began to feel unwell on his way home, became
acutely short of breath 4.5–5 h after the operation and was taken
by ambulance to hospital. On arrival, he became seriously unwell
and was transferred to intensive care, where he sustained a
hypoxic cardiac arrest. The CT angiogram (aorta and pulmonary
arteries) indicated that ‘air embolus is likely’. The patient died
~18 h after surgery. A post-mortem examination concluded the
cause of death was by air embolism.

DISCUSSION
We report fatal gas embolism with PFO but without the use of
intraoperative gas or air. The patient became unwell hours after
surgery, unlike classical air embolism with intraoperative death.
Recently, two other cases of gas embolism were reported, lethal in
one, a few hours after endoresection [3] where PFO, but no
intraocular gas or air, was used. After the first patient’s death,
extensive intraoperative monitoring (cardiac ultrasound and
central venous catheterization) was used and excluded gas in
the second patient’s circulatory system. In both cases, gas
embolism developed hours after surgery.

We hypothesise that delayed postoperative gas embolism is
associated with the high vapour pressure (VP) of PFO and its entry
into the bloodstream [4]. Due to immiscibility in blood, PFCLs form
droplets that obstruct pulmonary capillaries causing pulmonary
hypertension and hypoxia. The PFCL droplets warm to body
temperature, and their VP increases. As the alveolar-capillary
membrane is much less permeable to PFCL than air, and PFCL is
absent in inspired air, gas bubbles (containing PFCL, O2, CO2, and
N2) form in the pulmonary circulation [4].
In support of this mechanism, intravenous injection of 1 mL

of FC 80 causes lethal gas embolism in dogs breathing room air,
but not when breathing oxygenated FC 80 liquid fluorocarbon
because, in the latter, total blood gas tension does not exceed
the absolute alveolar gas tension [4]. Furthermore, intravenous
injection of pure PFCLs have been associated with the
development of lethal gas embolism in humans with the
formation of gas bubbles in the pulmonary capillaries, even in
small doses [5, 6].
Importantly, the higher the VP of PFCL, the greater the risk of

gas embolism. Injection of 0.1 mL/kg of PFCLs, with a VP of at
least 55 mmHg at 37 °C, causes lethal gas embolism in dogs, but
not PFCLs with a VP of less than 55 mmHg at 37 °C [4]. All three
cases we reported used PFO, whereas no serious adverse event
was associated with egress of PFD [2]. The VP of PFO is
50–55 mmHg at 37 °C, while PFD is 13.6 mmHg at 37 °C [7]. Thus,
small amounts of intravenous PFO could be fatal, whereas PFD is
likely to be safer.
Vitreoretinal surgeons should be aware of the potentially fatal

consequences of intravenous PFO. Further work is needed to
investigate this association, but we would advise surgeons to
avoid PFO in cases where it may access the venous bloodstream.
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