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Abstract—Invasive medical interventions or abrupt re-
ductions in ambient pressure can result in intravascular
gas embolism. The accumulation of gas bubbles initiates
a cascade of pathophysiological phenomena progressing
from platelet activation to ischemia and neurological dys-
function. This review integrates current knowledge of the
biophysical mechanisms of bubble nucleation, progres-
sion, and vascular occlusion into a framework aligned
with the adverse physiological consequences on circula-
tion. The discussion further addresses the present state
of clinical practice, diagnostic approaches, and therapeutic
interventions. Initial studies on gas embolism utilized in
vivo models, and recent in vitro and in silico platforms
have provided reproducible and cost-efficient experimental
approaches. The initial symptoms of gas embolism often
overlap with stroke, myocardial infarction, or sepsis. Reli-
able detection of intravascular gas bubbles is constrained
by the sensitivity, resolution, and accessibility of existing
imaging modalities, particularly in systemic cases. Current
treatment frameworks emphasize hyperbaric oxygen ther-
apy, while adjunct pharmacological strategies to improve
clinical outcomes are under investigation. The challenges
responsible for the persistent neglect of gas embolism in
both clinical and academic contexts are discussed, and
a forward-looking perspective on strategies to overcome
these barriers is presented.

Index Terms—Gas embolism, decompression sickness,
iatrogenesis.
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I. INTRODUCTION

GAS embolism is a potentially life-threatening condition
triggered by gas bubbles entry into the bloodstream. These

gas bubbles (emboli) can result from accidental or intentional
introduction of gas in blood vessels during medical procedures.
Alternatively, gas bubbles can be generated inside blood as
the result of considerable and rapid reduction of the surround-
ing pressure, such as deep-sea diving or high-altitude aviation
(Fig. 1(a)). Intravascular bubbles can obstruct the flow of blood
and thus impair the transport of oxygen and nutrients to tissues,
potentially leading to neurological damage, organ failure, or
death, depending on the location and severity of the blockage [1].

At the microscopic level, once gas bubbles are present
in the microvasculature, they can expand (if dissolved gas
pressure exceeds ambient pressure), coalesce, and become
encapsulated with proteins and platelets, initiating a cascade
of pathophysiological phenomena leading to clot formation
and vascular inflammation [2]. Aside from the intensification
of the obstruction of microvasculature, these processes can
also initiate secondary thromboembolic complications, further
reducing oxygen delivery to critical organs (Fig. 1(b)) [3]. While
these processes are known, the full biological consequences of
gas embolism remain unclear.

A key challenge to the study of gas embolism is the diversity of
contexts in which it arises. For instance, rapid reduction of ambi-
ent pressure can promote the genesis of emboli to have ‘global’
effects, such as in accidental decompression in deep-diving or
high-altitude aviation [4], or ‘locally’, such as during surgical
interventions where air may accidentally access the bloodstream
through a point of entry [5]. In both cases, gas embolism may
remain undetected until symptoms are apparent, such as regional
swelling, pain, or dysfunction [6], or following abrupt cardio-
vascular collapse or severe neurological deficits [7].

Gas embolism can be also classified according to the cir-
culatory system affected: venous- (VGE) [8] and arterial gas
embolism (AGE) [9]. VGE is typically associated with surgical
accidents, possibly leading to pulmonary complications [10],
whereas AGE, commonly, but not exclusively, caused by baro-
trauma or decompression sickness (DCS), poses a greater risk
due to its potential to block critical arteries supplying oxygen
and nutrients to the brain, heart, and kidneys [11] (Fig. 1(c)).
These classifications can be clinically important, as they affect
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Fig. 1. Conceptual overview of gas embolism - an integrative roadmap summarizes the major thematic domains of the present review. (a) Gas
embolism cases arising during medical procedures or from extreme environmental exposures such as deep-sea diving or high-altitude aviation.
(b) Progression of gas bubbles within microvasculature, including aggregation, expansion, coalescence, encapsulation by platelets, white clot
formation, and subsequent red clot development. (c) Classification of gas embolism into arterial gas embolism (AGE) and venous gas embolism
(VGE), along with the direction of gas bubble movement within the circulatory system. (d) In vivo simulation of gas embolism via intravenous
injection (IVI) or exposure to high-pressure water mimicking decompression sickness (DCS); in vitro modeling through fabrication of mimicked
microvasculature and simulation of iatrogenic gas embolism; and in silico modeling through classical fluid dynamics approaches with interfacial
forces and non-Newtonian effects included. (e) Current diagnostic approaches for gas embolism, including imaging techniques. (f) Therapeutic
strategies such as pharmacological interventions and hyperbaric oxygen therapy (HBOT).

both how the condition presents and how urgently it must be
treated.

To advance the understanding of gas embolism, the replication
of embolism-like events was implemented in in vivo, in vitro,
and in silico platforms. Animal models have been instrumental
in advancing understanding of gas embolism pathophysiology.

Complementary in vitro models and in silico simulations can
be useful in addressing specific mechanistic questions and fa-
cilitating translational research applicable to human physiology
[12], [13], [14], [15], [16], [17]. Emerging lab-on-chip platforms
mimicking human microvasculature offer a promising in vitro
alternative [18], [19], [20], [21], [22], [23], due to the capability
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