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Hyperbaric Oxygen Therapy  
in Emergency Medicine

Introduction
Hyperbaric oxygen therapy (HBO2) is a treatment modality that can be used 

in the emergent management of a number of life-threatening conditions. This 
article will review the mechanisms, indications, and future directions of HBO2 
specific to the field of emergency medicine.

History
The use of HBO2 dates back to 1662 when a British clergyman named 

Nathaniel Henshaw built the first described hyperbaric chamber. This device 
was primitive in design and built pressure by manually compressing a bel-
lows using room air. This chamber and the many others that followed it in the 
years leading up to the 20th century were unlikely to have had any clinical 
significance. In 1955, Churchill-Davis and colleagues began using HBO2 as 
an adjuvant to cancer therapy and, thus, began the era of the scientific use of 
HBO2 in clinical medicine. In 1967, the Undersea and Hyperbaric Medicine 
Society (UHMS) was founded to promote the exchange of HBO data and 
research. The UHMS periodically issues guidelines on the practice of hyper-
baric medicine.1

What Is Hyperbaric Oxygen Therapy? 
Under normal conditions, humans are exposed to the downward pressure 

exerted by the weight of the column of air above them. At sea level, this pres-
sure is equal to 760 mmHg (760 torr) or 1 atmosphere (atm). (See Figure 1.) 
HBO2 is defined as the exposure of the entire body to 100% oxygen at pres-
sures greater than 1 atm of pressure. When additional pressure is added to 
atmospheric pressure, the total pressure is called atmospheres absolute (ATA). 
HBO2 treatment is typically done between 2 and 3 ATA.

A thorough understanding of the gas laws is necessary to explain the 
mechanics of HBO2. Dalton’s law states that in a mixture of non-reacting 
gases, the total pressure is equal to the sum of the partial pressures of each of 
the individual gases.2,3 The air in the Earth’s atmosphere is composed of 21% 
oxygen, 78% nitrogen, and 1% trace gases. Henry’s law states that the amount 
of a given gas that dissolves in a volume of liquid is directly proportional to the 
pressure exerted on the surface of the liquid.2,4 This means that as the partial 
pressure of a gas above a liquid increases, the amount of that gas that dis-
solves in the liquid also increases. Conversely, if the partial pressure of the gas 
is decreased, then some of the dissolved gas must come out of the solution and 
return to the gaseous state. 
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EXECUTIVE SUMMARY
 z Hyperbaric oxygen therapy is the primary treatment modality 

for arterial air-gas embolism and decompression illness.

 z Hyperbaric oxygen therapy is recommended for patients with 
carbon monoxide poisoning who present with transient or 
prolonged unconsciousness, cardiovascular dysfunction, neu-
rologic signs, or severe acidosis.

 z Hyperbaric oxygen therapy is a beneficial adjunct to aggres-
sive surgical debridement and antibiotics in patients with 
necrotizing soft tissue infections.

 z Hyperbaric oxygen therapy in central retinal artery occlusion 
is supported by fair to good retrospective case series when 
its use is started shortly after onset of vision loss and in the 
absence of irreversible retinal ischemia.

Hyperbaric oxygen therapy works 
by dramatically increasing the amount 
of oxygen dissolved in the plasma as a 
result of the laws described previously. 
Under normal conditions, the amount 
of dissolved oxygen is negligible — only 
0.3 mL of oxygen per 100 mL of blood, 
known as volumes percent (vol%). 
Under hyperbaric conditions with 100% 
oxygen and 3.0 ATA, the dissolved oxy-
gen can reach 6 vol%. (See Table 1.) This 
high level of dissolved oxygen is enough 
to sustain the basal metabolic func-
tions in the complete absence of any 
hemoglobin. It also allows for delivery 
of oxygen to hypoxic tissues even if they 
are inaccessible to red cells.  

HBO also acts on gas bubbles by 
compressing them and decreasing their 
volume per Boyle’s law, which states 
that the volume of a gas is inversely pro-
portional to the pressure exerted upon 
that gas.4 (See Figure 2.) This reduction 
in gas bubble size becomes important 
when treating patients with air-gas 
embolism or decompression sickness.

Indications and 
Contraindications 

In 1976, the UHMS established and 
tasked the Hyperbaric Oxygen Therapy 
Committee to oversee the development 
of an evidence-based list of indications 
for the use of HBO. There are currently 
14 indications. (See Table 2.) Of these, 
five lend themselves naturally to appli-
cation in emergency medicine.5,6 There 
are only two absolute contraindications 
to HBO2: untreated pneumothorax and 
use of doxorubicin within the past seven 
days. Relative contraindications include 
chronic obstructive pulmonary disease 
(COPD), pulmonary blebs, upper respi-
ratory or sinus infections, recent ear or 
thoracic surgery, and claustrophobia. It 
should be noted that the use of HBO2 

in emergency situations should not 
be precluded by these relative contra-
indications when it is considered the 
primary or only possible effective treat-
ment modality. 

Emergency Applications 
of Hyperbaric Oxygen

Air-gas Embolism

Air-gas embolism (AGE) occurs 
when air bubbles are introduced into 
the circulatory system. This can occur as 
a result of a variety of causes. The most 
clinically relevant examples include 
dive-related accidents and complications 
of a medical procedure. Air bubbles 
produce injury by multiple mechanisms. 
The most obvious problem is occlusion 
of blood flow. However, this does not 
account for all the problems caused by 
AGE. Bubbles injure the endothelium 
of blood vessels, causing an inflamma-
tory cascade and further obstruction.7 
Additionally, when the mechanical 
obstruction caused by the bubble is 
relieved, a reperfusion-type injury may 
be incited. Air-gas embolism can be 
broken down into three major catego-
ries: arterial, venous, and paradoxical 
AGE.

Arterial Air-gas Embolism

Arterial air-gas embolism occurs 
when a gas bubble enters the arterial 
circulation. The ultimate consequences 
of an arterial AGE depend on the 
organ or organs affected and how well 
they tolerate an acute vascular occlu-
sion. Emboli that become lodged in the 
coronary arteries can precipitate acute 
coronary syndrome (ACS). Air that 
enters the carotid arteries and subse-
quently the brain causes cerebral air-gas 
embolism (CAGE). (See Figure 3.) 
CAGE can manifest with the symptoms 

of an ischemic stroke, such as motor or 
sensory deficits, altered mental status, 
seizures, and coma.8 

One of the most common causes 
of AGE is scuba diving accidents. 
Normally, when divers are ascending, 
they will breathe in and out. This allows 
the expanding gas a method of escape. 
However, if a diver holds his or her 
breath during ascent, the expanding 
gas has nowhere to go. It will continue 
to expand until it exceeds the maxi-
mum lung volume, causing lung injury. 
Possible injuries include pneumothorax, 
pneumomediastinum, and gas entering 
the cardiovascular system leading to 
AGE. (See Figure 4.) If the gas enters 
the pulmonary venous system or the 
systemic arterial system, it will result in 
arterial air embolism.7 

The only proven definitive treatment 
for arterial AGE is HBO2.7,9,10,11,12 
Rapid recognition of this clinical entity 
is critical. Any diver who is unconscious 
when surfacing or who quickly dete-
riorates should be presumed to have 
AGE until proven otherwise and efforts 
should be made to initiate HBO2. 
While awaiting HBO2, the patient 
should be placed on 100% oxygen by 
non-rebreather to treat hypoxia and 
reduce bubble size. It reduces bubble 
size by creating a diffusion gradient that 
favors the movement of inert gasses 
such as nitrogen out of the bubble and 
back into the plasma.7,9,10,11,12

The current HBO2 regimen recom-
mended by the UHMS for arterial 
AGE is the U.S. Navy Treatment proto-
col. This involves compression between 
2.0 ATA to 2.82 ATA with at least 60 
minutes spent at 2.82 ATA at 100% 
oxygen. The protocol calls for a total 
treatment duration of 290 minutes. 
Some patients may require time exten-
sions at the higher or lower pressures or 
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additional treatments in the hyperbaric 
chamber to facilitate more complete 
resolution of symptoms.

Venous Air-gas Embolism

Venous air-gas embolism occurs when 
air is introduced into the venous side of 
the circulation. Only large acute venous 
air emboli are of clinical consequence 
because of the filtering action of the 
lung.10 A large volume of air delivered 
to the venous system over a short period 
of time can cause serious issues, includ-
ing cardiovascular collapse and death. A 
large air bubble can travel through the 
venous circulation and become lodged 
in the right ventricle, causing right ven-
tricular outflow tract obstruction, or can 
continue on to the pulmonary vascula-
ture and lead to increased pulmonary 
vascular resistance. Ultimately, this leads 
to decreased preload and, therefore, 
decreased stroke volume from the left 
ventricle. It is estimated that venous 
air-gas emboli between 100-300 mL are 
sufficient to cause immediate cardiac 
arrest.7,13,14 

The first maneuver that should be 
undertaken by the emergency provider 
is to place the patient in the left-lateral 
decubitus position. The theoretical ben-
efit of this action is to trap the air in 
the right ventricle and reduce the risk 
of the bubble traveling to the lungs. 
Oxygen therapy and hemodynamic sup-
port also are indicated. Typically, these 
patients will have a distribution of the 
air bubble to the lungs prior to receiving 
any treatment. If the patient remains 

symptomatic or develops pulmonary 
edema, HBO2 can be considered as an 
adjunctive therapy. In the rare case of a 
known air bubble trapped in the right 
ventricle, needle aspiration can serve as 
a definitive treatment.7,15 

Paradoxical Air-gas Embolism

Paradoxical air-gas emboli occur 
when an air bubble that originated on 
the venous side of the circulation crosses 
over to the arterial side. This generally 
occurs by way of a patent foramen ovale 
(PFO) but also can occur as a result of 
intra-pulmonary shunts, arteriovenous 
fistulas/malformations, atrial septal 
defects, and ventricular septal defects. 
Approximately 30% of the otherwise 
normal population has a PFO.16 When 
air from the venous system is present 
in a large enough quantity, increased 
pressures in the right ventricular out-
flow tract can force air from the right 
side of the heart to the left via a PFO. 
Treatment of paradoxical AGE is simi-
lar to that described earlier for arterial 
AGE.  

Carbon Monoxide Poisoning

Carbon monoxide (CO) poisoning 
is the most common cause of uninten-
tional death by poisoning in the United 
States and is responsible for approxi-
mately 15,000 ED visits and 500 deaths 
annually. CO causes cellular damage by 
a number of mechanisms, including tis-
sue hypoxia and direct toxicity. CO has 
an affinity for hemoglobin (HgB) that 
is 240 times greater than that of oxygen. 

Binding of HgB by CO also causes a 
leftward shift of the oxyhemoglobin dis-
sociation curve, known as the Haldane 
effect. In effect, this both reduces the 
oxygen-carrying capacity of HgB and 
makes it more difficult for HgB to 
deliver the oxygen it is able to carry. CO 
also interferes with oxidative phosphor-
ylation by inhibiting cytochromes and 
triphosphopyridine nucleotide reduc-
tase.17 Additionally, CO causes oxidative 
stress and, therefore, the production 
of free radicals that directly damage 
cells.18,19

The signs and symptoms of CO poi-
soning vary depending on the degree of 
exposure. At lower levels of carboxyhe-
moglobin (COHgB), patients typically 
will complain of headache, nausea, and 
dizziness. As levels increase, patients 
can progress to confusion, syncope, 
decreased level of consciousness, and 
coma.20,21,22 Alterations in vital signs 
also may be observed. Tachycardia and 
tachypnea may develop in response to 
hypoxia. This can progress to bradycar-
dia, hypotension, and decreased respira-
tion in advanced stages. Ultimately, if 
the exposure is severe enough, CO poi-
soning can be fatal. 

Certain populations are particularly 
at risk for bad outcomes due to CO 

Figure 1. Atmospheric Pressure

Image courtesy of Colin Kaide, MD

1 ATA 
760 mmHg
760 Torr
33 ft sea water
10 M sea water
14.7 lbs/sq in

Table 1. Oxygen Content: 
Arterial (CaO2)
CaO2 = oxygen carried by 
hemoglobin (HgB) + oxygen 
dissolved in plasma
CaO2 = (HgB × % saturation × 1.34)  
+ (PaO2 × 0.003)

Normobaric Oxygen (FiO2 = 21% at 
1 ATA)
CaO2 = 21% × 100% × 1.34 +  
100 mmHg (0.003)
CaO2 = 20 volumes %* + 0.3 
volumes%*

Hyperbaric Oxygen (FiO2 = 100% at 
3 ATA)
CaO2 = HgB × 100% × 1.34 +  
2,000 mmHg (0.003)
CaO2 = 20 volumes %* +  
6 volumes%*

*Volumes% of oxygen is mL of 
oxygen per 100 mL of blood
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poisoning. The very young and very 
old have minimal reserves to deal with 
hypoxic insults compared to the healthy 
adult population. Patients with coronary 
artery disease are at increased risk of 
ACS due to myocardial hypoxia.23 Those 
with underlying pulmonary or vascular 
disease are at increased risk for similar 
reasons. Pregnant women also represent 
a vulnerable population. Fetal hemo-
globin has an even higher affinity for 
CO than does adult hemoglobin. Fetal 
hemoglobin also has a left shift oxygen 
dissociation curve compared to adult 
hemoglobin. This can cause fetal CO 
levels to become dangerously high and 
lead to intrauterine fetal demise. 

Apart from acute CO poisoning, 
there are three distinct injury pat-
terns associated with CO poisoning: 
cardiovascular sequelae, delayed neu-
rologic sequelae (DNS), and chronic 
CO poisoning. Patients who have had 
moderate to severe CO exposures are 
at risk for cardiovascular complica-
tions, including cardiomyopathy and 
myocardial infarction.24 A significant 
percentage of patients (up to 40%) will 
develop some sort of delayed neurologic 
sequelae that can present as cognitive 
or focal neurologic deficits, personality 
changes, and movement disorders. The 
time of onset is variable, usually occur-
ring within a few weeks but may occur 
years later. These neurologic symptoms 
often last years and may be permanent 
in some cases.25,26,27 Chronic CO poi-
soning is perhaps the most challenging 
to diagnose, as patients present after 
long-term exposure to low levels of CO 

and have vague, nonspecific complaints. 
Symptoms can manifest as headache, 
dizziness, anorexia, weight loss, person-
ality changes, impaired sleep, nystag-
mus, myoclonus, and weakness, among 
others.28,29

The diagnosis of CO poisoning is 
often challenging and can be missed 
easily, as the presentation can be subtle 
and nonspecific.20 A thorough history 
and physical exam is paramount. CO 
poisoning should be on the differential 
for patients presenting with headache, 
nausea, dizziness, altered mental status, 
and/or syncope. 

CO poisoning also should be consid-
ered when more than one person living 
or working in close proximity presents 
with similar symptoms. This is especially 
true in winter months when people are 
more likely to be using propane tanks, 
gas heaters, and other appliances that 
produce CO. Although CO can cause 
virus-like symptoms, it is important to 
remember that CO-poisoned patients 
will present in parallel, whereas patients 
with a viral illness tend to present 
serially. 

When CO exposure is suspected, the 
COHgB level can be tested. The pre-
ferred test is a venous COHgB level.30 
While there is a correlation between 
severity of symptoms and measured 
COHgB level, the level cannot predict 

the degree and nature of the patient’s 
symptoms accurately. Levels between 
3-10% tend to cause minor symptoms, 
25-40% moderate symptoms, and 
40-50% severe symptoms. Interestingly, 
heavy smokers can have CO levels of up 
to 13% and remain asymptomatic.31,20 
Although venous COHgB levels are 
highly accurate and crucial in diagnosis, 
it is possible for a patient’s level to be 
inconclusive or even negative, espe-
cially if the patient has been removed 
from the source for a prolonged period 
of time. If suspicion for CO poison-
ing remains high, even after a normal 
venous COHgB, the suspected source 
should be tested. This may mean send-
ing police, emergency medical services, 
fire personnel, or the local gas company 
to the site. 

Treatment first involves removal of 
the patient from the source of CO. Once 
this is accomplished, the patient should 
be treated with supplemental oxygen 
at the highest level possible. This typi-
cally is achieved using a non-rebreather 
(NRB) mask at 15 L/min. This allows for 
an FiO2 of approximately 63%. Ideally, 
the patient would breathe 100% oxygen. 
Unfortunately, other than HBO2, this is 
only possible with an anesthesia circuit 
in the operating room (OR).32 One alter-
native method (borrowed from rapid-
sequence intubation) to maximize FiO2 

Table 2. Approved Indications for Hyperbaric Therapy

Non-emergency Indications

• Arterial insufficiencies (enhancement of healing in selected problem wounds) 
• Exceptional blood loss (anemia)
• Intracranial abscess
• Osteomyelitis (refractory)
• Delayed radiation injury (soft tissue and bony necrosis)
• Compromised skin grafts and flaps
• Thermal burn injury
• Idiopathic sudden sensorineural hearing loss

Emergency Indications

• Air or gas embolism
• Carbon monoxide poisoning
• Clostridial myositis and myonecrosis (gas gangrene)
• Crush injury, compartment syndrome, and other acute traumatic ischemias
• Decompression sickness 
• Necrotizing soft tissue infections
• Arterial insufficiencies (central retinal artery occlusion)

Figure 2. Bubble Size  
Under Pressure

Image courtesy of Colin Kaide, MD
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delivered with an NRB mask is to turn 
the knob on the oxygen delivery source 
to flush (all the way up until the knob 
stops turning). This can deliver close to 
50 L/min. Adding a nasal cannula under 
the NRB mask and setting it to 15 L/
min can help supplement the oxygen, 
and together they can deliver an FiO2 
of about 90%. At sea level at an FiO2 of 
21%, the half-life of COHgB is about 
300 minutes. At 100% FiO2, the half-life 
is reduced to about 90 minutes. 

With the use of HBO2 at an FiO2 
of 100% and 3 ATA, it is possible to 
reduce the half-life of COHgB to less 
than 30 minutes.33 In animal studies, 
researchers have also shown that HBO2 
can promote the dissociation from 
cytochrome c oxidase and perhaps blunt 
some of the direct cellular toxicity that 
is associated with CO.34,35,36

Despite the face validity and exist-
ing evidence of HBO2 in CO poison-
ing, there is debate in the scientific 
community regarding its efficacy and 
whether there is any true, acute benefit 
over oxygen delivered under normo-
baric conditions. In fact, some of the 
strongest evidence supports HBO2’s 
role in preventing chronic symptoms. A 
double-blind, randomized, controlled 
trial showed that HBO2 reduced the 
occurrence of delayed neurological 
sequelae at six weeks and 12 months 
post poisoning.37 A delve into the litera-
ture is beyond the scope of this article; 
however, the UHMS does recommend 

HBO2 for patients presenting with 
transient or prolonged unconsciousness, 
cardiovascular dysfunction, neurologic 
signs, or severe acidosis.38 

Because the potential harms are rela-
tively low and the balance of evidence 
suggests that the potential benefits are 
high, most experts in the field recom-
mend HBO2 in selected patient popula-
tions. We would suggest using HBO2 in 
patients who meet the criteria listed by 
the UHMS, as well as pregnant women 
with a COHgB level above 15% or 
signs of fetal distress, and patients who 
exhibit persistant symptoms despite 
normobaric therapy. 

Currently, there is no single accepted 
HBO2 protocol for CO poisoning. 
Protocols generally range from a single 
treatment at 2.8 to 3.0 ATA to multiple 
treatments at varying pressures.  

Decompression Sickness

Decompression sickness (DCS) 
develops when inert gases, mainly 
nitrogen, precipitate out of solution and 
collect in the cardiovascular system or 
tissues in sufficient quantity to impair 
organ function.2,3,4,39,40,41,42,43 This gener-
ally occurs when a scuba diver makes 
too rapid an ascent, dives too deep, or 
stays at depth for too long.39 

When a diver descends below the 
surface, the pressure he or she feels is 
equal to the column of water above the 

diver in addition to the column of air 
above the water. This pressure is the 
atmospheres absolute or ATA. Every 33 
feet or 10 m is equal to 1 atm. Therefore, 
at a depth of 33 feet below water at sea 
level, the diver experiences a pressure of 
2 ATA. 

The increase in pressure makes it 
more difficult for the diver to breathe. 
Diving equipment is designed to 
address this issue by increasing the pres-
sure of delivered air. This rise in overall 
pressure of gas means a proportional 
rise in the partial pressure of each com-
ponent gas. As the partial pressure of 
the inspired gases increases, the amount 
of each of these gases that dissolves into 
the blood increases as a result of Henry’s 
law. This means that as the diver dives 
deeper, more nitrogen is dissolved in the 
blood in a process known as on-gassing. 
The reverse occurs during ascent in a 
process known as off-gassing. As the 
diver surfaces, nitrogen moves down the 
concentration gradient from the tissues, 
to the blood, and out the lungs.39,40

During a proper ascent, nitrogen will 
remain in solution as it moves down its 
concentration gradient until it is expired 
via the lungs. If the diver ascends too 
rapidly or accumulates too much nitro-
gen “debt” by diving too deep for too 
long a period of time, the nitrogen will 
not be able to be removed fast enough 
by the lungs and will return to the 

Figure 3. Bubbles in  
Cerebral Vasculature

Image courtesy of Colin Kaide, MD

Figure 4. Air Embolism in Ascending Diver

Image courtesy of Colin Kaide, MD
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gaseous phase in the tissues or blood-
stream. This is the mechanism that 
underlies the pathophysiology seen in 
decompression sickness.3,39,40,41 

Flying in a commercial airplane 
shortly after ascent also can lead to 
decompression sickness. Most of these 
aircraft are pressurized to the pressure 
felt at 8,000 feet. This is equivalent to 
approximately 0.73 atm. This rapid 
decrease in pressure can further facili-
tate nitrogen bubble formation from 
dissolved gas that otherwise was not 
a problem.39,40,42 In some of the newer 
airplanes and most private aircraft, this 
does not represent a significant risk as 
the aircraft are pressurized to sea level 
or 1 atm. 

Decompression sickness is diagnosed 
by history and physical exam; there is 
no laboratory or imaging test to aid 
in diagnosis. Most patients with DCS 
will develop symptoms within one to 
three hours of surfacing from their 
dive.41 Patients are unlikely to manifest 
initial symptoms after 24 hours unless 
they take a commercial flight.40 It is 
important for the clinician to elicit a 
thorough dive history, including the 
depth, time at that depth, and how the 
diver ascended. DCS is most likely 
to occur in scuba dives.39,40 The most 
common complaint is joint pain, but 
patients also may complain of short-
ness of breath, chest pain, lightheaded-
ness, confusion, or other neurological 
issues. The physical exam may reveal 
signs of pneumothorax, subcutaneous 
emphysema, neurologic deficits, and 
rash. Cutis marmorata is a marbled, 
pruritic rash specific to DCS that 

frequently can be seen on physical 
exam.3 (See Figure 5.)

Decompression sickness is broken 
down into two categories: type 1 and 
type 2. Type 1 is mild and is character-
ized by joint pain, generalized pain, 
fatigue, pitting edema, pruritus, and 
rash.2,39,41 When the joints primarily 
are involved, the illness colloquially is 
known as “the bends.” Type 2 DCS is 
more serious. This involves CNS dys-
function, cardiopulmonary dysfunction, 
or onset of type 1 symptoms while still 
submerged.2,39 CNS involvement can 
manifest as altered mental status, focal 
neurologic deficits, syncope, and seizure. 
When ataxia is present, the illness often 
is referred to as “the staggers.” Cardiac 
symptoms are varied but can lead to 
lightheadedness and, in severe cases, 
cardiogenic shock. Pulmonary symp-
toms include cough, dyspnea, and respi-
ratory distress and may be referred to as 
“the chokes.”2,39,41

Patients who have surfaced from a 
dive recently and who present with signs 
and symptoms consistent with DCS 
should be given supplemental oxygen at 
the highest possible concentration and 
should undergo HBO2.4 Even though 
they may present with only mild DCS 
type 1, they may have subtle signs of 
DCS type 2 and can progress to severe 
type 2 over time. Patients often will 
have dramatic improvement with just 
supplemental oxygen; however, it is 
important for the clinician to remember 
that these patients still should receive 
HBO2, as symptoms may recur. If a 
patient requires transfer, the preferred 
method is by ground. If air transport is 
necessary, the aircraft should be pres-
surized to sea level or should fly below 
300 m.2,4

Necrotizing Soft Tissue Infections

Necrotizing soft tissue infections 
are a group of rapidly progressive, life-
threatening, soft tissue infections. This 
section will discuss the role of HBO2 
in the treatment of necrotizing fasciitis, 
clostridial gas gangrene, and, briefly, 
mucormycosis.

The mechanisms by which HBO2 
are thought to work are essentially the 
same for all of these necrotizing soft 
tissue infections. HBO2 enhances granu-
locyte-killing activity by facilitating the 

generation of superoxide, peroxide, and 
hydroxyl radicals.44 HBO2 decreases the 
amount of hypo-perfused tissue suscep-
tible to infection.45 Additionally, this 
improves tissue repair. It is well known 
that poorly vascularized, ischemic tissue 
results in a severely impaired capacity 
to heal. Promotion of wound closure 
by restoring oxygen to ischemic tis-
sues is important in preventing further 
infection.46 Certain antibiotics, such 
as vancomycin, show decreased activ-
ity in hypoxic environments. HBO2 
potentially can restore normoxia and, 
therefore, normal antibiotic function.47,48 
The growth of anaerobic bacteria is sup-
pressed in the oxygen-rich environment 
supplied by HBO2, as they lack the 
ability to defend against toxic oxygen 
species. Other mechanisms specific to a 
particular infection will be discussed in 
the context of that infection. 

Necrotizing Fasciitis

Necrotizing fasciitis (NF) is a deep-
seated soft tissue infection that involves 
the fascia and subcutaneous tissue. A 
related condition known as necrotizing 
myositis primarily involves necrosis of 
muscle tissue. Distinguishing between 
these two entities is difficult because 
both tend to involve the fascia and mus-
cle and the difference is unlikely to be 
clinically relevant; therefore, this section 
will refer to both as NF. In this condi-
tion, bacteria spread rapidly and cause 
extensive tissue damage through the 
release of exotoxins and proteases that 
degrade fat and extracellular matrix.49 
NF is relatively rare, with approximately 
500 to 1,500 cases in the United States 
per year, but it has a mortality rate of 
20-40%.50,51 Those who survive often 
have significant morbidity, as they fre-
quently require multiple debridements 
and sometimes amputations. 

Initially, NF was categorized in two 
distinct patterns of disease, but recently, 
some experts in the field added a third 
designation.52 Type I NF occurs in 
patients who have impaired immune 
function. This includes patients with 
uncontrolled diabetes, peripheral vas-
cular disease, malnutrition, or any other 
cause of immune compromise. Typically 
there is an inciting event, such as a 
wound caused by trauma, surgery, an 
animal bite, needle puncture, or pressure 

Figure 5. Cutis Marmorata

Source: Creative Commons
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ulcer. Type I NF is polymicrobial and is 
composed of both aerobic and anaerobic 
bacteria. Fournier gangrene is a subset 
of NF type I that involves the perineum 
and anterior abdominal wall. This is 
also polymicrobial and usually includes 
enteric organisms.

Type II NF is monomicrobial and 
classically is caused by Group A 
Streptococcus; however, there have 
been increasing reports of cases caused 
by methicillin-resistant Staphylococcus 
aureus (MRSA).53 Type II NF can occur 
in otherwise healthy individuals with 
only minimal predisposing factors such 
as a minor trauma. In many cases, no 
obvious inciting event or portal of bac-
terial entry can be identified.54,55

Type III NF is a monomicrobial 
infection caused by Vibrio vulnificus. 
This infection is seen in the setting of 
traumatic injury in warm salt water. 
This category is less accepted among the 
scientific community, as it represents 
a small number of patients with an 
already rare disease.56

The primary treatment modalities 
for NF are early surgical debridement 
and broad-spectrum antibiotics. Early, 
aggressive surgical debridement is the 
most important therapy, as the source 
must be controlled. Frequently, patients 
require multiple debridements in the first 
24 hours.57 A common antibiotic regi-
men includes vancomycin, pipercillin-
tazobactam, and clindamycin. This 
provides coverage for Gram-positives, 
Gram-negatives, and anaerobes. 
Clindamycin is added to inhibit the 
production and release of bacterial exo-
toxins, and in fact should be the first 
antibiotic administered. 

HBO2 is an adjunctive therapy in 
NF. Surgical debridement and, to a 
lesser extent, antibiotics should never 
be delayed for HBO2.50,58 Currently, 
there are no large, randomized con-
trolled trials that clearly demonstrate 
the effectiveness of HBO2 in NF. 
However, there are multiple small clini-
cal reports and retrospective analyses 
that report benefit. Based on the data 
accumulated so far, there seems to be a 
trend toward decreased mortality and 
number of debridements required in 
patients who received HBO2. Therefore, 
it is reasonable to recommend HBO2 
as adjunctive therapy after aggressive 

surgical debridement. If there is a sub-
stantial time delay in going to the OR, 
HBO2 may be initiated before surgery 
if the treatment does not further delay 
debridement. If a patient is at a hospital 
without HBO2, surgical management 
should take priority, and transfer to an 
HBO2 center should be considered after 
the patient is stabilized.

Clostridial Gas Gangrene

Gas gangrene is a rapidly progres-
sive infection of muscle tissue due to 
bacteria of the genus Clostridium. It is 
another relatively rare condition that 
causes approximately 1,000 to 3,000 
cases per year in the United States.59 
The most commonly isolated organism 
is Clostridium perfringens.60 This is a 
Gram-positive, spore-forming anaerobic 
bacteria that is found commonly in the 
soil and mammalian gastrointestinal 
tract. Gas gangrene occurs when there 
is direct inoculation of clostridia into 
an ischemic traumatic wound. Because 
clostridia are anaerobic, they thrive on a 
relatively hypoxic tissue environment. 

While in this hypoxic environment, 
clostridia produce a number of exotox-
ins that work to break down connective 
tissue, lyse blood components, cause 
tissue necrosis, and produce systemic 
effects such as septic shock. The most 
important known toxin is a phospho-
lipase C known as alpha toxin. Alpha 
toxin is responsible chiefly for degrada-
tion of cell membranes and liquefactive 
necrosis. In fact, without alpha toxin, 
Clostridium loses all virulence.61

The condition is characterized by pain 
around the infection site that is out of 
proportion to the visible wound. Rapid 
extension and tissue destruction then 
ensues. The affected area can spread 
at rates of up to 15 cm/h.62 Blebs and 
bullae formation are common. Gas and 
crepitus often can be felt on physical 
exam, and a “sickly sweet” odor can be 
detected from the wound drainage. Vital 
sign abnormalities include fever, tachy-
cardia out of proportion, and hypoten-
sion as a late and ominous finding. 
Alterations in cognition also are com-
mon, ranging from a lack of concern 
similar to la belle indifference to a sense 
of impending doom. 

Diagnosis in the ED can be made 
presumptively based on history and 

clinical signs and symptoms. Imaging 
with plain radiographs may demon-
strate gas in the soft tissue. Computed 
tomography (CT) is more sensitive and 
specific and can determine the extent 
of the infection as well as gas within 
the tissue. However, the emergency 
physician should not delay therapy to 
obtain CT imaging, nor should the 
diagnosis hinge on identification of gas 
on examination or imaging. In at least 
half of cases, gas is not demonstrable 
at all. 

Thus far, there have been no random-
ized controlled trials to compare stan-
dard therapy with aggressive surgical 
debridement and antibiotics to standard 
therapy plus HBO2. However, there is 
such a large body of evidence to support 
its use that HBO2 should be considered 
an integral part of the management of 
clostridial gas gangrene. 

In gas gangrene, HBO2 is thought 
to work by inhibition of alpha toxin 
production. The clinical syndrome 
observed in this infection is not due to 
direct spread of bacteria or fulminant 
sepsis, but is the result of elaboration of 
exotoxins. As stated previously, alpha 
toxin is essential to this process. Alpha 
toxin is cleared from the body within 
two hours of production, and at a PO2 
of 250 mmHg, alpha toxin production 
is completely inhibited.63 This tissue 
PO2 is easily achievable with HBO2. 
Additionally, because clostridia are 
anaerobic, bacterial growth is also inhib-
ited with HBO2.

Unlike with NF, in the setting of 
gas gangrene HBO2 should be started 
before surgical debridement when 
possible. Patients who are unstable or 
systemically ill are especially likely to 
benefit from HBO2. Those who are too 
sick to go to the OR could be resus-
citated with bedside fasciotomies, fol-
lowed by immediate HBO treatment. 
Definitive operative management then 
can be performed. HBO2 can con-
tinue to be used until improvement is 
seen. If the patient is not at an HBO2 
center, transfer is recommended when 
possible. The condition of the patient, 
available resources, and transfer time 
should be taken into account when 
making a decision either to transfer 
immediately or after initial surgical 
debridement.
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Mucormycosis

Mucormycosis is another invasive, 
life-threatening infection; however, 
this disease is caused by molds of the 
order Mucorales. These fungi have a 
predilection for blood vessels and cause 
significant tissue infarction and necrosis. 
Mucormycosis is quite rare and tends to 
occur in patients who are immunocom-
promised. Risk factors include poorly 
controlled diabetes mellitus, neutrope-
nia, malignancies, transplants, burns, 
chronic renal failure, and the use of 
immunosuppressive and deferoxamine 
therapy.64,65

The most common, and frequently 
fatal, presentation is an infection of the 
sinuses, oral cavity, nasal passages, and 
brain known as rhinocerebral mucor-
mycosis. Definitive diagnosis depends 
on tissue histopathology, but this should 
not delay management. As with necro-
tizing fasciitis and gas gangrene, early 
aggressive therapy is of the essence. The 
current mainstay of treatment is surgi-
cal debridement and antifungal therapy 
with amphotericin.

Although no large randomized trials 
have been performed, and likely never 
will be, HBO2 should be used as an 
adjunct in the treatment of mucormy-
cosis. There is a small but compelling 
body of evidence to support its use in 
conjunction with standard therapies. 
We would recommend using HBO2 in a 
similar fashion as in necrotizing fasciitis, 
after initial surgical debridement.

Arterial Insufficiencies

Central Retinal Artery Occlusion. 
Central retinal artery occlusion (CRAO) 
is a serious ophthalmologic emergency 
requiring rapid recognition, as irrevers-
ible vision loss can occur within 90 min-
utes of onset. The incidence of CRAO 
is estimated to be around 1/100,000 
persons, with one study showing that 
80% of the patients presented with visual 
acuity worse than 20/400.66 Risk fac-
tors include hypertension, carotid artery 
disease, diabetes mellitus, cardiac disease 
(especially atrial fibrillation and valvular 
disease), vasculitis, temporal arteritis, and 
sickle cell disease.

Reports vary, but as much as 50% of 
the general population has an anatomi-
cal variation with the presence of an 
additional artery called the cilioretinal 

artery. It supplies the macula, where the 
highest number of photoreceptors live. 
Since this artery is not a branch of the 
central retinal artery, the macula may 
remain perfused in these patients who 
develop CRAO. This might allow for 
preservation of the most important part 
of the visual field (macular sparing).68

CRAO represents an acute ischemic 
insult to the retina. The usual presenta-
tion of CRAO is sudden, rapidly evolv-
ing (20 to 30 seconds), painless, mostly 
complete (with or without macular 
sparing), monocular vision loss with an 
afferent pupillary defect. Because of the 
embolic nature of CRAO, a workup 
for stroke risk factors, such as electro-
cardiograms, echocardiogram, carotid 
Doppler, and a hypercoagulable workup, 
should be pursued.67

The outcome of CRAO depends 
on which vessel is occluded and the 
degree of occlusion, but also on the time 
frame from onset to when oxygen can 
be delivered to the ocular tissues. The 
retinal circulation supplies the inner 
retinal layers (ganglion cell layer and 
inner nuclear layer). Under hyperbaric 
conditions, enough oxygen can be deliv-
ered to this tissue via diffusion from the 
choroidal circulation to allow for return 
of function.68,69

Traditionally, CRAO has been treated 
with ocular massage, anterior chamber 
paracentesis, and medications used to 
lower intraocular pressure. The theory is 
that these methods aim to help move an 
embolus more distally in the occluded 
vessel and allow for more flow to a 
larger area of tissue. These treatment 
modalities have been relatively unsuc-
cessful.70,71,72 More recent treatments 
have included attempts to remove the 
embolus surgically and the use of intra-
arterial tPA. These modalities have had 
variable success with an overlying theme 
that earlier intervention has a higher 
chance of success.

HBO2 represents a promising, novel 
treatment modality that may succeed 
where others have failed to show consis-
tent results. Over the last 52 years, 887 
patients with CRAO were treated with 
HBO (published in 39 publications). 
In these retrospective case-controlled 
series, 64% showed improvement.73

A 2016 retrospective study of 
129 patients showed a significant 

improvement in the best corrected 
visual acuity in a majority of the 
patients as long as they had not yet 
developed a cherry red spot (CRS) on 
fundoscopic exam, as this served as a 
marker for irreversible anoxic retinal 
damage. Treatment was given in 2 to 
2.4 ATA, 100% oxygen, 90-minute ses-
sions, three times in the first 24 hours 
and once daily thereafter. Treatment was 
discontinued when no further improve-
ment in best corrected visual acuity was 
observed in two consecutive treatments. 
Improvement was seen in 86% without 
a CRS as compared to 57.6% of those 
with a CRS, demonstrating that initial 
retinal findings were a better predictor 
of HBO2 success than absolute duration 
of symptoms.74

HBO2 is safe with a very low side-
effect profile. The timing of initiation of 
HBO2 therapy and, more importantly, 
the condition of the retina, is critical in 
CRAO. The use of HBO2 in CRAO is 
supported by Level IIb evidence with 
fair to good retrospective case series 
evidence to support its use when it is 
started shortly after onset of vision loss 
and in the absence of irreversible retinal 
ischemia (CRS). Prospective, random-
ized trials still are lacking, but this 
should not dissuade its use in the right 
patients, as no better treatment is yet 
proven.  

Crush Injuries

Crush injuries are complex, not only 
in their effect on multiple types of tis-
sues with varying degrees of injuries, 
but also in the pathophysiology of their 
healing. Even after the setting of bones, 
debridement of nonviable tissue, anas-
tomosis of major vessels, and potential 
skin closure, the wound is just beginning 
to enter the stages of a vicious cycle of 
tissue ischemia and edema.75 As subop-
timally perfused tissues become more 
hypoxic, cellular death causes extravasa-
tion of fluids and worsening edema. The 
worsening edema increases interstitial 
pressures and increases the space from 
capillaries to functioning cells, further 
inhibiting perfusion. These processes 
lead to the frequent need for subsequent 
surgical intervention, such as debride-
ment, tissue and skin flaps, and amputa-
tion. Similar physiology is observed in 
skeletal muscle compartment syndrome 
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(SMCS) in which edema or bleeding 
causes increased compartment pressures, 
which beget more inflammation and 
worsening edema. HBO2 serves to break 
this cycle in both processes. In crush 
injuries, it allows for more complete and 
uncomplicated wound healing.75 In the 
incipient stage of SMCS, HBO2 can be 
used to prevent the progression to an 
established phase, which necessitates 
surgical intervention.76  

The most obvious mechanism by 
which HBO2 affects these processes is 
through the oxygen-rich environment 
created during the treatment sessions. 
As discussed above, HBO2 can provide 
sufficient partial pressure of oxygen to 
oxygenate tissues and allow for aerobic 
cellular functions even without account-
ing for oxygen bound to hemoglobin.75 
Tissues that are not accessible to hemo-
globin, either through damage to capil-
lary networks or increasing interstitial 
edema, still can be perfused via HBO2. 
HBO2 also directly reduces edema via 
the body’s natural response to hyperoxia, 
vasoconstriction. Vasoconstriction dur-
ing an HBO session can reduce blood 
flow by 20%.75 Since resorption of 
edema in the capillaries remains steady, 
this results in a 20% reduction in edema. 
HBO2 also promotes wound healing by 
inhibiting the proliferation of anaerobic 
behavior by nature of the oxygenated 
environment it creates in the wound. 
Finally, HBO2 limits the damage from 
oxygen radical species through several 
biochemical mechanisms.

More than 600 case reports have been 
published describing the use of HBO2 
in crush injuries, with 80% showing 
positive results.76 However, most of 
these described the effectiveness of 
HBO2 in subjective terms. Authors 
of a 2005 evidence-based guideline 
looked at nine studies that included 150 
patients. They concluded that HBO2 is 
not harmful and may be beneficial in 
patients with crush injury if used early 
in care.77

Despite strong logical arguments for 
the use of HBO2 in the treatment of 
crush injuries, there is a relative paucity 
of evidence in this area. Research sup-
porting its use largely is composed of 
limited retrospective analyses.78 The 
only randomized prospective trial to 
date had a total of 36 participants, half 

of whom received six days of twice-
daily HBO2 sessions started within 24 
hours of initial surgical management, 
and half of whom received sham HBO2 
sessions at the same rate.79 Complete 
wound healing was observed in 17 of 
18 patients receiving HBO2, compared 
to 10 of 18 in the control group. HBO2 
also required statistically fewer revi-
sion procedures. Interestingly, there 
was no difference in hospitalization 
time between the two groups. Despite 
limited evidence, based on the strength 
of the logic of the proposed benefit as 
well as few potential harms, we believe 
HBO2 should be strongly considered 
as adjuvant therapy for crush injuries 
immediately following primary surgical 
treatment.

Future Considerations
Each year, almost 2 million people 

in the United States suffer a traumatic 
brain injury (TBI) severe enough to 
warrant a visit to the ED. Almost one-
quarter are hospitalized and about 10% 
die from their injuries.80 The morbid-
ity from TBI can be devastating, with 
more than 5 million Americans living 
with long-term disability from their 
injuries.81

After the initial traumatic injury, 
secondary injury frequently develops 
over the next 24 hours, often from 
ischemia due to altered cerebral blood 
flow and resultant cellular injury and 
death. Hyperbaric oxygen therapy has 
the potential to deliver large amounts of 
oxygen to ischemic tissue and has been 
considered as a potential therapy, yet 
it has remained inadequately studied, 
with mixed results in the limited data 
available.81 As such, a large National 
Institute of Neurological Disorders and 
Stroke-sponsored study is planned to 
begin this year. The Hyperbaric Oxygen 
Brain Injury Treatment (HOBIT) trial 
is a Phase II trial that aims to enroll 
200 patients across 15 participating U.S. 
academic centers.81

Although not without controversy, 
nearly 50 years of preclinical and clini-
cal research has shown the potential 
efficacy of HBO2 in reducing the clini-
cal sequelae of TBI. It is hoped that this 
large controlled trial will demonstrate 
HBO2 as a viable way improve out-
comes in TBI patients.

Conclusion
Hyperbaric oxygen therapy involves 

the exposure of the entire body to 
100% oxygen at pressures in the 2-3 
ATA range. Its emergency applications 
include treatment of air-gas embolism, 
carbon monoxide poisoning, decom-
pression sickness, necrotizing soft tissue 
infections, and acute ischemic states. 
Emergency physicians should be aware 
of HBO2 and its uses in the context of 
these settings. Understanding how and 
when to use HBO2 has the potential 
to save lives and reduce morbidity in 
extremely morbid conditions.
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CME/CE Questions
1. In a patient with acute carbon mon-

oxide poisoning, which of the fol-
lowing is an indication for transfer 
to a hyperbaric facility, after initial 
stabilization? 
a. Current unconsciousness or 

altered level of consciousness
b. Cardiovascular dysfunction
c. Metabolic acidosis with a pH  

< 7.1
d. All of the above 

2. A 30-year-old female presents with 
a worsening headache, no fever, and 
vomiting. A carbon monoxide level 
is obtained and is 20%. Which of 
the following is the most appropri-
ate initial therapy?
a. Cyanide kit
b. Normobaric oxygen therapy 
c. Immediate hyperbaric oxygen 

therapy
d. Repeat levels until normalized

3. A diver presents after surfacing from 
a 37-meter dive that lasted for 29 
minutes, complaining of intense 
right foot pain and itching along his 
abdomen. He states that the symp-
toms started halfway through his 
ascent. He has a marbling rash over 
the epigastric area of his abdomen 
and a normal neurologic examina-
tion. This patient has which of the 
following conditions? 
a. Air embolism
b. Barotrauma
c. Decompression sickness type 1 
d. Decompression sickness type 2 

4. Which of the following factors 
makes it less likely that a patient’s 
symptoms are caused by decompres-
sion sickness? 
a. Free diving without the use of 

compressed air 
b. Exceeding depth and time limits 

for a given dive 

c. Flying within the first 24 hours 
after surfacing from a dive 

d. Rapid ascent 
5. Which of the following statements 

best characterizes the role of HBO2 
therapy in patients presenting with 
an acute venous air embolism? 
a. It is a first-line therapy and 

should be initiated immediately 
in all patients in whom the diag-
nosis of venous air embolism is 
considered. 

b. It is most effective in venous air 
embolism when delivered at an 
FiO2 of 21% at 3 ATA for 60 
minutes. 

c. It should be initiated only after 
definitive confirmation of a para-
doxical arterial embolism in a 
patient with a suspected venous 
air embolism. 

d. It is a first-line therapy in 
patients with venous embolism 
who present with hypotension, 
hypoxia, and a new focal neuro-
logical deficit. 

6. A patient presents with a necrotic, 
foul-smelling foot wound that 
has been developing over the past 
five days. Gas is seen in the tis-
sues on plain X-ray. The patient is 
tachycardic with a blood pressure 
of 80 systolic. The patient is appre-
hensive. A microscopic evaluation 
of tissue from the wound shows 
Gram-positive rods. What is the 
role of hyperbaric therapy in this 
individual?
a. Hyperbaric oxygen should be 

delayed until definitive debride-
ment is performed.

b. Hyperbaric oxygen should be 
considered preoperatively to 
decrease the formation of alpha-
toxin and improve the patient’s 
vital signs. 

c. Hyperbaric oxygen has no role in 
this disease process as surgery is 
always definitive.

d. Hyperbaric oxygen therapy 
should be performed only when 
the patient has stable vital signs.



SUBSCRIBER INFORMATION 

CUSTOMER SERVICE: (800) 688-2421

Customer Service Email Address:  
Customer.Service@AHCMedia.com

Editorial Email Address:  
mmark@relias.com

Online:  
AHCMedia.com

SUBSCRIPTION PRICES

1 year with 72 ACEP/72 AMA/36 AAFP  
Category 1/Prescribed credits: $564

1 year without credit: $419  
Add $19.99 for shipping & handling

 MULTIPLE COPIES: 
Discounts are available for group subscriptions, 
multiple copies, site-licenses, or electronic 
distribution. For pricing information, please 
contact our Group Account Managers at 
Groups@AHCMedia.com or (866) 213-0844.

ACCREDITATION
Relias Learning is accredited by the Accreditation Council for Continuing Medical Education 
(ACCME) to provide continuing medical education for physicians.

Relias Learning designates this enduring material for a maximum of 3 AMA PRA Category 
1 Credits™. Physicians should claim only credit commensurate with the extent of their 
participation in the activity.

Approved by the American College of Emergency Physicians for a maximum of 3 hour(s) of 
ACEP Category I credit.

This Enduring Material activity, Emergency Medicine Reports, has been reviewed and is 
acceptable for credit by the American Academy of Family Physicians. Term of approval 
begins 01/01/2018. Term of approval is for one year from this date. Physicians should claim 
only the credit commensurate with the extent of their participation in the activity. Approved 
for 3 AAFP Prescribed credits.  

The American Osteopathic Association has approved this continuing education activity for 
up to 2.5 AOA Category 2-B credits.  

Relias Learning LLC is accredited as a provider of continuing nursing education by the 
American Nurses Credentialing Center’s Commission on Accreditation. Contact hours [3] 
will be awarded to participants who meet the criteria for successful completion. California 
Board of Registered Nursing, Provider CEP#13791.

This is an educational publication designed to present scientific information and opinion 
to health professionals, to stimulate thought, and further investigation. It does not provide 
advice regarding medical  diagnosis or treatment for any individual case. It is not intended 
for use by the  layman. Opinions expressed are not  necessarily those of this publication. 
Mention of products or services does not constitute endorsement. Clinical, legal, tax, and 
other comments are offered for general guidance only; professional counsel should be 
sought for specific situations.

This CME/CE activity is intended for emergency and family physicians and nurses. It is in 
effect for 36 months from the date of the publication.

EMERGENCY MEDICINE REPORTS™ 
(ISSN 0746-2506) is published 24 times annually by 
AHC Media, a Relias Learning company, 111 Corning 
Road, Suite 250, Cary, NC 27518-9238. Telephone: 
(800) 688-2421.  

Executive Editor: Shelly Morrow Mark
Executive Editor: Leslie Coplin
Editorial Group Manager:  
Terrey L. Hatcher
Senior Accreditations Officer:  
Lee Landenberger

GST Registration No.: R128870672
Periodicals Postage Paid at Cary, NC, and  additional 
mailing offices.

POSTMASTER: Send address changes 
to Emergency Medicine Reports,  
Relias Learning, 111 Corning Road, Suite 
250, Cary, NC 27518-9238.

Copyright © 2018 by AHC Media, a Relias Learning 
company. All rights reserved. Reproduction, 
distribution, or translation without express written 
permission is strictly prohibited.

Back issues: $30. Missing issues will be fulfilled 
by customer service free of charge when contacted 
within one month of the missing issue’s date.

EDITORS

Sandra M. Schneider, MD
Professor, Emergency Medicine
Hofstra North Shore–LIJ  

School of Medicine
Manhasset, New York
John Peter Smith Hospital 
Fort Worth, Texas

J. Stephan Stapczynski, MD
Clinical Professor of Emergency Medicine
Scholarly Projects Advisor
University of Arizona College of Medicine 

- Phoenix
Emergency Department, Maricopa 

Integrated Health System

NURSE PLANNER

Andrea Light, BSN, RN, EMT, TCRN, 
CEN

Trauma Program Manager
Mt. Carmel West
Columbus, Ohio

EDITORIAL BOARD

Paul S. Auerbach, MD, MS, FACEP, 
FAWM

Redlich Family Professor
Department of Emergency Medicine
Stanford University School of Medicine
Stanford, California

William J. Brady, MD, FACEP, FAAEM
Professor of Emergency Medicine and 

Medicine, Medical Director, Emergency 
Preparedness and Response, University 
of Virginia Operational Medical 
Director, Albemarle County Fire Rescue, 
Charlottesville, Virginia; Chief Medical 
Officer and Medical Director, Allianz 
Global Assistance

Michael L. Coates, MD, MS
Professor Emeritus
Department of Family and Community 

Medicine
Wake Forest University School 

of Medicine
Winston-Salem, North Carolina

Alasdair K.T. Conn, MD
Chief of Emergency Services
Massachusetts General Hospital
Boston, Massachusetts

Charles L. Emerman, MD
Chairman
Department of Emergency Medicine
MetroHealth Medical Center
Cleveland Clinic Foundation
Cleveland, Ohio

Chad Kessler, MD, MHPE
National Director of Emergency 

Medicine, VHA
Professor, Medicine
Duke University School of Medicine
Durham, North Carolina

Kurt Kleinschmidt, MD, FACEP, FACMT
Professor of Surgery/Emergency 

Medicine
Director, Section of Toxicology
The University of Texas Southwestern 

Medical Center and Parkland Hospital
Dallas, Texas

Frank LoVecchio, DO, FACEP
Vice-Chair for Research
Medical Director, Samaritan Regional 

Poison Control Center
Emergency Medicine Department
Maricopa Medical Center
Phoenix, Arizona

Larry B. Mellick, MD, MS, FAAP, FACEP
Vice Chairman for Academic Affairs
Interim Section Chief of Pediatric 

Emergency Medicine
Assistant Residency Director
Professor of Emergency Medicine
University of South Alabama
Mobile, Alabama

Paul E. Pepe, MD, MPH, FACEP, FCCM, 
MACP

Professor of Medicine, Surgery, 
Pediatrics, Public Health and Chair, 
Emergency Medicine

The University of Texas Southwestern 
Medical Center and Parkland Hospital

Dallas, Texas

Charles V. Pollack, MA, MD, FACEP
Chairman, Department of Emergency  

Medicine, Pennsylvania Hospital
Associate Professor of Emergency  

Medicine
University of Pennsylvania School of  

Medicine
Philadelphia, Pennsylvania

Robert Powers, MD, MPH
Professor of Medicine and Emergency 
Medicine
University of Virginia
School of Medicine
Charlottesville, Virginia

David J. Robinson, MD, MS, MMM, 
FACEP

Professor and Vice-Chairman of 
Emergency Medicine

University of Texas Medical School at 
Houston

Chief of Emergency Services, LBJ General 
Hospital, Harris Health System

Houston, Texas

Barry H. Rumack, MD
Professor Emeritus of Pediatrics and 

Emergency Medicine
University of Colorado School of Medicine
Director Emeritus
Rocky Mountain Poison and Drug Center
Denver, Colorado

David Sklar, MD, FACEP
Professor of Emergency Medicine
Associate Dean, Graduate Medical 

Education
University of New Mexico School of 

Medicine
Albuquerque, New Mexico

Gregory A. Volturo, MD, FACEP
Chairman, Department of Emergency 

 Medicine
Professor of Emergency Medicine and 

 Medicine
University of Massachusetts Medical 

School
Worcester, Massachusetts

Steven M. Winograd, MD, FACEP
Attending Physician
Mt. Sinai Queens Hospital Center
Assistant Clinical Professor of Emergency 

Medicine, Mt. Sinai Medical School, 
Jamaica Queens, New York

Allan B. Wolfson, MD, FACEP, FACP
Program Director,
Affiliated Residency in Emergency 

Medicine
Professor of Emergency Medicine 
University of Pittsburgh
Pittsburgh, Pennsylvania

CME Question Reviewer

Roger Farel, MD
Retired
Newport Beach, CA

Copyright © 2018 by AHC Media, a 
Relias Learning company. All rights 
reserved. 



Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Hyperbaric Oxygen Therapy in Emergency Medicine

Approved Indications for Hyperbaric Therapy

Non-emergency Indications

• Arterial insu�  ciencies (enhancement of healing in selected problem wounds) 
• Exceptional blood loss (anemia)
• Intracranial abscess
• Osteomyelitis (refractory)
• Delayed radiation injury (soft tissue and bony necrosis)
• Compromised skin grafts and � aps
• Thermal burn injury
• Idiopathic sudden sensorineural hearing loss

Emergency Indications

• Air or gas embolism
• Carbon monoxide poisoning
• Clostridial myositis and myonecrosis (gas gangrene)
• Crush injury, compartment syndrome, and other acute traumatic ischemias
• Decompression sickness 
• Necrotizing soft tissue infections
• Arterial insu�  ciencies (central retinal artery occlusion)

Oxygen Content: Arterial 
(CaO2)
CaO2 = oxygen carried by 
hemoglobin (HgB) + oxygen 
dissolved in plasma
CaO2 = (HgB × % saturation × 1.34)  
+ (PaO2 × 0.003)

Normobaric Oxygen (FiO2 = 21% at 
1 ATA)
CaO2 = 21% × 100% × 1.34 + 
100 mmHg (0.003)
CaO2 = 20 volumes %* + 0.3 
volumes%*

Hyperbaric Oxygen (FiO2 = 100% at 
3 ATA)
CaO2 = HgB × 100% × 1.34 + 
2,000 mmHg (0.003)
CaO2 = 20 volumes %* + 
6 volumes%*

*Volumes% of oxygen is mL of 
oxygen per 100 mL of blood

Bubbles in Cerebral 
Vasculature
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