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ABSTRACT
	 A significant and consistently positive body of evidence from 

animal and human studies of thermal injury supports the use of 

hyperbaric oxygen as a means of preventing dermal ischemia, 

reducing edema, modulating the zone of stasis, preventing  partial- 

to full-thickness conversion, preserving cellular metabolism and 

promoting healing. The vast majority of clinical reports have 

BACKGROUND
The National Burn Repository reviewed the combined 
data of acute burn admissions for the time period be-
tween 2006 through 2015. The key findings included 
data from 96 hospitals, 36 states, and the District of Co-
lumbia, totaling 205,033 records. Male patients out-
numbered female patients considerably. The bimodal 
distribution with the greatest prevalence in the pediatric 
age range from 1-15 compromised 30% of total burns, 
while the adult age group from 20-59 comprised 54% of 
burns. Patients age 60 or older represented 14% of burn 
cases. More than 75% of reported total burn cases in-
volved less than 10% total body surface area (TBSA) 
and resulted in a mortality of 0.6%. The mortality 
rates were 3.3% for all cases and 5.8% for fire/flame 
injuries.
	 Seventy-three percent of burn injuries occurred in 
the home. Nearly 95% of all reviewed burn injuries were
identified as accidents, with 14% reported as work-re-
lated cases. Just over 2% were suspected of abuse, and 1%
were self-inflicted. During the 10-year period from 2006-
2015, the average length of stay for females declined
from 9.3 days to 7.9 days, while that for males declined 
less significantly, from 9.1 to 8.8 days. The mortality rate
for females declined from 4.1% to 2.9%, while in males 
the decline was from 3.9% to 3%.

shown reduction in mortality, length of hospital stay, number 

of surgeries and cost of care. Hyperbaric oxygen has been demon-

strated to be safe in the hands of those thoroughly

trained in rendering this therapy in the critical care setting 

and with appropriate monitoring precautions. Careful patient 

selection is mandatory.  z 

____________________________________________________________________________________________________________________________________________________________________

	 Deaths from burn injury increased with advancing 
age and burn size as well as presence of inhalation injury. 
A 20-39% burn in patients below 60 conferred a morality 
rate of 2.5%. In the presence of inhalation injury, the 
mortality rate increased to 14%. The same injury in a 
60-year-old shows a mortality of 32%, which increased 
to 55.8% in the presence of inhalation injury. Thus, age 
and inhalation injury, as well as burn size, are important 
factors in burn injury survival. Pneumonia was the most 
frequent, clinically related complication, occurring in 
5.4% of fire/flame or flame-injured patients. The fre-
quency of pneumonia and respiratory failure was greater 
in patients with four days or greater of mechanical venti-
lation. The rate of complications also increased with age.
	 For survivors, the length of stay was slightly greater 
than one day per percent total body surface area burn. 
For patients who died, the total hospital days were two 
times that of survivors on the average. However, this 
trend was reversed in patients with less than 20% total 
body surface burns. Eighty-seven percent of patients 
were discharged to home, while 3% were transferred to 
rehab facilities. Overall, charges for patients who died 
were three times greater than those who survived. How-
ever, this result was greatly affected by the large number 
of patients with less than 10% total body surface area 
burns. For this group, total charges averaged $257,582 
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for survivors, while non-survivors’ charges averaged 
$340,474.
	 Burn care is extraordinarily expensive. Charges for a 
50-59% total body surface area averaged $1,066,254 in
2015. A 60–70% burn averaged $1,168,006 during the 
same time frame. Workers compensation or automobile
insurance were involved in approximately 10% of the 
reviewed cases, while “no information provided” or 
“self-insured” was indicated in 29% of cases.
	 Significant morbidity attaches to burn injury: pneumo-
nia, cellulitis, respiratory failure, urinary tract infection,
wound infection, and sepsis are still the most frequently 
reported complications adding to mortality [1]. Therapy
for burns, therefore, is directed to minimizing edema, 
preserving marginally viable tissue in the zone of stasis,
protecting the microvasculature, enhancing host de-
fenses, and providing the essential substrates necessary 
to maintain viability. The ultimate goals of burn therapy 
include survival of the patient, rapid wound healing, 
minimization of scarring or abnormal pigmentation, 
prevention of long-term problems such as chronic pain, 
and cost-effectiveness. Optimal outcome, obviously, is 
restoration, as nearly as possible, to the pre-burn quality 
of life [2,4].
	 A recent report by Wolf et al. summarized problems 
and research priorities in burns for the coming decade [3]. 
A major and continuing clinical problem is the innate in-
flammatory response induced by genetic factors such as
those common in neutrophils and macrophages which 
are massively increased while the T-cell adaptive re-
sponses are downregulated. The latter are, perhaps, re-
sponsible for late effects of severe burns such as viral 
and fungal infections. Hyperbaric oxygen therapy has 
been shown to modulate white cell adherence and be 
helpful in the initial stages of inflammation. This 
could be an area of fruitful investigation. In fact, 
the burn injury may be “the universal trauma model.” 
Wolf and colleagues point out control of the hyper-
metabolic response and the massive inflammation will 
be important to improvement in burn care.
	 Despite the advances of early excision in accelerating 
healing, we seem to have plateaued in this regard. The
authors suggest it may be time to visit the notion of 
whether healing times can be accelerated. This is another 
area of the potential benefit of hyperbaric oxygen. A 
continuing problem in burn therapy and one for 
future investigation, again suggested by Wolf et al., is 
the elimination of pain, both acute and chronic. Neu-

ropathic pain is typically difficult to treat and thought 
to occur in a large percentage of those suffering severe
burns.

Pathophysiology
Physiologic responses to a major burn include a fall in 
arterial pressure, tachycardia, and a progressive decrease 
in cardiac output and stroke volume. Metabolic re-
sponses are complex and include metabolic acidosis and 
hyperventilation. Cellular adenosine triphosphate levels 
fall, resting cell membrane potential decreases, and an 
intracellular accumulation of sodium, calcium and water 
is paralleled by a loss of cellular potassium.
	 Immunologic responses include alteration of macro-
phage function and perturbation of cellular and humoral
immunity [5]. The burn wound is a complex and dy-
namic injury characterized by a zone of coagulation, sur-
rounded by an area of stasis, and bordered by an area 
of erythema [6]. The zone of coagulation or complete 
capillary occlusion may progress by a factor of 10 
during the first 48 hours after injury. This phenome-
non is three-dimensional; thus, the wound can increase 
in size and depth during this critical period.
	 Local microcirculation is compromised to the greatest 
extent during the 12 to 24 hours post-burn. Burns are 
in this dynamic state of flux for up to 72 hours after injury 
[5]. Ischemic necrosis quickly follows. Hematologic 
changes include platelet microthrombi and hemocon-
centration in the post-capillary venules. Edema form-
ation is rapid in the area of injury secondary to 
increased capillary permeability, decreased oncotic 
pressure, increased interstitial oncotic pressure, changes 
in the interstitial space compliance and lymphatic 
damage [7]. Edema is most prominent in directly 
involved burned tissues but also develops in distant 
uninjured tissue, including muscle, intestine and lung. 
Changes occur in the distant microvasculature, includ-
ing red cell aggregation, white cell adhesion to venular
walls and platelet thromboemboli [8].
	 Inflammatory mediators are elaborated locally, in 
part from activated platelets, macrophages and leukocytes. 
This contributes to the local and systemic hyperperme-
ability of the microcirculation, appearing histologically 
as gaps in the venular and capillary endothelium [9]. 
This progressive process may extend dramatically during 
the first early days after injury [10-11].
	 The ongoing tissue damage in thermal injury is due to 
multiple factors, including the failure of surrounding tis-
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sue to supply borderline cells with oxygen and nutrients 
necessary to sustain viability [6]. Impediment of the 
circulation below the injury results in dessication of 
the wound, as fluid cannot be supplied via the throm-
bosed or obstructed capillaries. Topical agents and 
dressings may reduce but cannot prevent the des-
sication of the burn wound and the inexorable progres-
sion to deeper layers. Altered permeability is not caused 
by heat injury alone; oxidants and other mediators 
(prostaglandins, kinins and histamine) all contribute 
to vascular permeability [12].
	 Neutrophils are a major source of oxidants and injury in 
the ischemia/reperfusion mechanism. This complex may
be favorably affected by several interventions. Therapy is 
focused on the reduction of dermal ischemia, reduction
of edema and prevention of infection. During the period 
of early hemodynamic instability, edema reduction has
a markedly beneficial effect as well as modulating later 
wound conversion from partial- to full-thickness injury
[13].

Infection
Infection remains the leading overall cause of death from 
burns. Susceptibility to infection is greatly increased due
to the loss of the integumentary barrier to bacterial 
invasion, the ideal substrate present in the burn wound, 
and the compromised or obstructed microvasculature, 
which prevents humoral and cellular elements from 
reaching the injured tissue.
	 Additionally, the immune system is seriously affected, 
demonstrating decreased levels of immunoglobulins and 
serious perturbations of polymorphonuclear leukocyte 
function (PMNL) [14-15], including disorders of chemo-
taxis, phagocytosis and diminished killing ability. These 
altered functions greatly increase morbidity and mor-
tality. Certain patients with specific polymorphisms in 
the tumor necrosis factor and bacterial recognition genes 
may have a higher incidence of sepsis than the burn in-
jury alone would predict [16]. More recently, fungal
infections have become a therapeutic challenge [17].
	 Regeneration cannot take place until equilibrium is 
reached; hence, healing is retarded. Prolongation of the
healing process may lead to excessive scarring. Hyper-
trophic scars are seen in about 4% of cases taking 10 days
to heal, 14% of cases taking 14 days or less, 28% of cases 
taking 21 days to heal, and up to 40% of cases taking
longer than 21 days to heal [18].

Experimental Data
The efficacy of hyperbaric oxygen (HBO2) in the treat-
ment of thermal injury is supported by animal studies 
and human clinical data. Edema reduction with HBO2
therapy has been demonstrated in burned rabbits[19], 
rats [20], mice [21] and guinea pigs [22-23]. Improve-
ment in healing time has been reported in burned 
rabbits [24] and rats [25-26]. Decreased infection rates 
were an additional observation noted in these models 
[24-25].
	 In a seminal study in 1970 Gruber (Figure 1) demon-
strated that the area subadjacent to a third-degree burn 
was hypoxic when compared to normal skin and that 
the tissue oxygen tension could be raised only by oxygen 
administered at pressure [27]. Ketchum, in 1967, reported 
an improvement in healing time and reduced infection 
in an animal model [24]. He later demonstrated dram-
atic improvement in the microvasculature of burned rats 
treated with hyperbaric oxygen therapy [25] (Figure 2).
	 In 1974 Hartwig [20] confirmed these findings and 
additionally noted less inflammatory response and sug-
gested hyperbaric oxygen might be a useful adjunct to 
the technique of early debridement. Wells and Hilton 
(Figure 3), in a carefully designed and controlled experi-
ment, reported a marked decrease (35%) in extravasation 
of fluid in 40% of flame-burned dogs [28]. The effect was 
clearly related to oxygen, and not simply to increased 
pressure. A reduction in hemoconcentration and im-
proved cardiac output were also noted.
	 Nylander (Figure 4) [21] in a well-accepted animal 
model showed that hyperbaric oxygen therapy reduced 
the generalized edema associated with burn injury.
	 Kaiser (Figure 5) reported that hyperbaric oxygen 
treatment resulted in shrinkage of third-degree (full-
thickness) injury in a rabbit model. Untreated animals 
demonstrated the expected increase in wound size 
during the first 48 hours. At all times treated animal 
wounds remained smaller than those of the controls. 
A reduction in subcutaneous edema was also observed 
[22-23]. Stewart and colleagues subjected rats to con-
trolled burn wounds resulting in deep partial-thickness 
injury. Both experimental groups were treated with 
topical agents. The hyperbaric oxygen-treated animals 
showed preservation of dermal elements, no conversion 
of partial- to full-thickness injury, and preservation 
of adenosine triphosphate (ATP) levels. The untreated 
animals demonstrated marked diminution in ATP levels 
and conversion of partial- to full-thickness injury 
(Figures 6,7) [29-30].
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 These studies may relate directly to the preservation 
of energy sources for the sodium pump in cellulary phys-
iology. Failure of the sodium pump is felt to be a major 
factor in the ballooning of the endothelial cells, which 
occurs after burn injury and subsequent massive 
fluid losses [10]. Germonpré reported decreased exten-
sion of burn injury with HBO2 [31]. HBO2 has  also been 
shown to dramatically improve the microvasculature of
burned rats (Hartwig, Ketchum [20,25]). In guinea pigs, 
earlier return of capillary patency (p<0.05) was dem-
onstrated using an India ink technique [32].
 Miller and Korn reported faster re-epithelialization
(p<0.001) from these regenerative sites in guinea pigs 
treated with HBO2 versus controls. The observed de-
crease in wound desiccation in the HBO2-treated 
group was due to preservation of capillary integrity in 
the zone of stasis [12]. Saunders similarly reported 
improved dermal circulation, preservation of dermal 
elements, and less collagen denaturation with HBO2
treatments [33].
 On the other hand, Perrins, in a porcine scald mod-
el, failed to demonstrate modification of progressive 
tissue destruction. However, oxygen was administered at 
2 atmospheres absolute (ATA) for only one hour, and 
treatment occurred over a one-day period only. No 
vascular studies were undertaken. It was also noted that 

Figure 1: Oxygen tension Figure 2: Capillary state: Control vs. HBO2
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Figure 4: Water content of 
the unburned contralateral ear
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Kaiser and colleagues demonstrated a significant 
reduction of subcutaneous edema in burned animals 
treated with HBO2. He repor ted progression of the 
burn wound in controls,  while in the hyperbaric-
treated animals wound size decreased [21].
( With permission)

the porcine model may not be appropriate given the 
following features about pigs: a natural resistance to 
skin infection; skin that does not form a blister follow-
ing scald wound injury; and lack of many shared dermal 
elements with humans, including cutaneous sweat 
glands [34].
 Also highlighting a further study, Niccole reported 
that HBO2 provided no advantage in the treatment of 
full-thickness and partial-thickness burns alone or in 
combination with topical antibiotic therapy in control-
ling bacterial counts in a rat model. However, despite 
a treatment delay of 12 hours, hyperbaric oxygen sig-
nicantly reduced the time to complete epithelialization 
in a partial-thickness burn injury [26].
 The pathophysiologic changes within the burn wound 
show a striking similarity to those noted in the ischemia
reperfusion injury, i.e., depletion of ATP, production 
of xanthine oxidase, lipid peroxidation, activation of 
polymorphonuclear cells with subsequent endothelial 
adherence and generation of reactive oxygen species 
(ROS) [35-38].
 Recent data regarding HBO2 cardiac preconditioning 
(inducing cellular tolerance and protection from ischemia) 
and adaptive responses resulting in cardioprotection and 
attenuation of ischemia-reperfusion injury are mediated 
by HBO2-induced reactive oxygen species (ROS)  (e.g., 
superoxide and hydrogen peroxide) that stimulate the 
production of nitric oxide. HBO2-induced ROS are 
known to initiate gene expression and reduce neutrophil 
adhesion (via a decrease in CDl1a/18 function, P-sel-
ectin and downregulation of intracellular adhesion 
molecule-1). HBO2 also decreases lipid peroxidation, 
stimulates neovascularization and increases antioxidants, 
thus resulting in cardioprotection [39]. Elucidation of 
these mechanisms for cardioprotection may provide 
further understanding of the mechanisms whereby hyper-
baric oxygen is of benefit in acute thermal injury.
 In a model of reperfusion injury, Zamboni demon-
strated that hyperbaric oxygen is a potent blocker of 
white cell adherence to endothelial cell walls in skeletal 
muscle, interrupting the cascade that causes vascular 
damage [40]. The mechanism is felt to be an inhibitory 
effect on the CD18 locus [41]. As discussed by Wasiak 
et al. [42], inhibition of beta 2-integrin activation 
of intracellular adhesion molecule one (ICAM-1)
[43] enables tissues to maintain microvascular flow in 

___________________________________________________________________________
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Figure 7: Partial-
thickness burns

Biopsy of experimental par tial-thickness burns at five days. 
A. Left:  HBO2-treated animals show preser vation of the dermal elements.
B: Right: Non-treated animals show coagulation necrosis.
( With permission)

areas  otherwise subject to the well-described 
“secondary injury” following a thermal burn [8]. 
This effect persists for some hours, as demon-
strated by both Ueno [44] and Milijkovic-Lolic
[45]; Germonpré’s data support this observation 
and may explain the beneficial effect of hyper-
baric oxygen therapy on the microcirculation 
previously observed [20,29-31,33].
 Shoshani reported no benefit of HBO2 in a 
rat burn model where all animals received 
standard sulfadiazine treatment [46]. There was 
no difference in burn wound size, re-epithelial-
ization rate, Doppler blood flow or healing. In
this report, the author erroneously stated that 
this was the first study utilizing standard burn 
care (topical agents). Compared to the earlier 
study by Stewart’s group, which utilized silver 
sulfadiazine dressings and confirmed preserva-
tion of dermal elements [29-31], these contradic-
tory findings might be explained by methodo-
logical differences.
 Bleser and Benichoux, in a very large controlled 
study in a rat model of 30% body surface area 
(BSA) burns, reported reduced burn shock and 
a fourfold increased survival in HBO2-treated 

animals versus controls [47]. Tenenhaus and colleagues showed 
reduction in mesenteric bacterial colonization (p<0.005) in 
an HBO2-treated burned mouse model [48]. Bacterial translo-
cation is felt to be a major source of burn wound infection.
 In 2005 Magnotti et al. proposed an evolution from bacterial 
translocation to gut ischemia-reperfusion injury after burn 
injury as the pathogenesis of multiple organ dysfunction syn-
drome. Systemic inflammation, acute lung injury and multiple 
organ failure after a major thermal injury are relatively 
common causes of morbidity  and mortality. In the normal 
(unburned) host, the intestinal mucosa functions as a major 
local defense barrier, a component of multiple defense mech-
anisms that helps prevent gut bacteria, as well as their 
products, from crossing the mucosal  barrier. After a major 
thermal injury, and in  other clinical and experimental situations, 
this intestinal barrier function becomes overwhelmed or 
impaired, resulting in the movement of bacteria and/or endo-
toxin to the mesenteric lymph nodes and systemic tissues, 
defined as bacterial translocation. The importance of this intes-
tinal barrier function becomes clear when considering that 
the distal small bowel and colon contain 1010 concentrations 
of anaerobes and  105 to 108 each of Gram-positive and Gram-
negative aerobic and facultative microorganisms per gram of 
tissue, and enough endotoxin to kill the host thousands 
of times over [49].

Figure 6: Rat burns treated 
with sulfadiazine dressing
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	 Loss of gut barrier function and a resultant gut inflam-
matory response lead to the production of proinflam-
matory factors; this can cause a septic state, leading to 
distant organ failure. Splanchnic hypoperfusion leading 
to gut ischemia-reperfusion injury appears to be the 
dominant hemodynamic event, triggering the release of 
biologically active factors into the mesenteric lymphatics.
The benefits of the early use of hyperbaric oxygen 
in burn victims may in part be mediated through 
amelioration of gut reperfusion injury. The beneficial 
effects of HBO2 in ischemic-reperfused tissues have 
been demonstrated in intestine [50], skeletal muscle 
[40,51] brain [52-54] and testicular tissue [55], and 
myocardium [39,56-58]. In a study of severely burned 
humans (>30% TBSA), HBO2-treated patients compared 
to controls had increased levels of serum-soluble 
interleukin-2 receptor (p<0.05) and decreased plasma 
fibronectin (p<0.01), resulting clinically in a lower 
incidence of sepsis (p<0.05) [59].
	 Total enteral nutrition, starting as early as possible 
after thermal injury, is recommended for burn patients. 
It results in decreased morbidity and mortality, and 
supports intestinal structure and function. Studies of 
intestinal barrier function biology, pathophysiology and 
consequences of gut barrier failure demonstrate that 
the ischemic and/or stressed gut can become a proin-
flammatory organ [60], and gut-derived factors liberated 
after periods of splanchnic hypoperfusion can lead to 
acute distant organ, cellular dysfunction and activation 
of neutrophils and other proinflammatory cells [61].
	 Reduction of PMNL-killing ability in hypoxic tissue 
has been well documented [62-63]. The ability of hyper-
baric oxygen to elevate tissue oxygen tension and the 
enhancement of PMNL killing in an oxygen-enriched 
animal model as demonstrated by Mader [63] suggest 
that this may be an additional benefit of HBO2. Huss-
man and colleagues have shown no evidence of HBO2-
induced immunosuppression in a carefully controlled 
animal model [65].
	 In a 2005 randomized controlled study Bilic evaluated 
the effects of HBO2 on burn wound healing. Standard
deep second-degree burns were produced in male Wistar 
rats treated with silver sulfadiazine and then randomly
assigned to either a normoxic, placebo gas or to 2.5 ATA 
HBO2 for 60 minutes for a total of 21 sessions. HBO2 
had a beneficial effect on post-burn edema (p=0.022), 
neoangiogenesis (p=0.009), numbers of regenerative 
active follicles (p=0.009), and time to epithelial regen-
eration (p=0.048). There were no significant differ-

ences in necrosis staging or margination of leukocytes. 
The authors concluded that the data support earlier
conclusions that HBO2 is of benefit in the healing of 
burn wounds [66].
	 Turkaslan et al. [67] reported that hyperbaric oxygen 
treatment reduced progression of the zone of stasis in the 
first 24 hours after injury and accelerated the healing 
process by supporting neoangiogenesis. Prevention of 
progression in the zone of stasis is a major goal in burn 
therapy. This report lends further credence to the 
previously cited work of Miller, Korn, Hartwig and 
Ketchum.
	 HBO2 has been shown to mobilize stem/progenitor 
cells in both humans and mice by stimulating bone 
marrow stromal cell type 3 (endothelial) nitric oxide 
synthase [68-72]. Findings indicate that some of the 
mobilized cells will home to peripheral sites where they 
function as de novo endothelial progenitor cells (EPCs), 
contributing to wound vasculogenesis, a complement to 
local angiogenesis. Additionally, at peripheral sites 
HBO2 stimulates stem cell growth and differentiation by 
engaging a physiological autocrine loop responsive to 
oxidative stress, much the same as  lactate [73-75].
	 HBO2 stimulates peripheral site EPCs recruitment and 
differentiation via a pathway involving thioredoxin-1,
hypoxia-inducible factors-1 (HIF-1) and HIF-2. These 
findings provide new insight into possible mechanisms 
for the known clinical benefits of hyperbaric oxygen.
	 The overwhelming body of evidence in a large num-
ber of controlled animal studies demonstrates that hyper-
baric oxygen reduces dermal ischemia, reduces edema, 
prevents conversion of partial- to full-thickness injury, 
preserves the microcirculation, and preserves ATP and 
cellular integrity. Additional benefits may be enhance-
ment of PMNL killing and modulation of ischemia
reperfusion injury, resulting in improved survival.

Clinical experience
In 1965, Wada observed improved healing of burns in 
coal miners being treated for carbon monoxide poison-
ing with HBO2. Later clinical series by Ikeda, Wada, 
Lamy, Tabor and Grossman [19,75-80] showed improved 
healing [75], decreased length of hospital stay [80], de-
creased mortality [80-81], decreased overall cost of care 
[80-82] improved morbidity [80], decreased fluid re-
quirements (30-35%),81 and decreased number of 
surgeries (p<0.041) [82]. Niu reported a very large 
clinical outcome series showing a statistically significant 
reduction in mortality (p=0.028) in 266 seriously burned 
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patients who received HBO2 when compared to 609 
control patients [81]. The author also observed a lower 
incidence of infection and stated that HBO2 allowed 
the burn surgeon more time to more accurately define 
the extent of injury.
 Cianci has shown a significant reduction in length of
hospital stay in burns up to 39% TBSA [83]. Additionally
noted was a reduction in the need for surgery, which 
included grafting, in a series of patients with 40-80%
burns when compared to non-HBO2-treated controls.
HBO2-treated patients showed an average savings of 
36% ($120,000) per case [82]. Adjusted for inflation, 
this would represent a saving of $227,000 per case in 
2016 U.S. dollars.
 Hart reported a sham controlled randomized series
showing reduced fluid requirements, mean healing time 
(p<0.005), mortality and morbidity in 10-50% TBSA 
burn patients treated with HBO2 when compared to 
controls and to United States National Burn Information 
Exchange Standards [85].
 Frequently cited as a negative study, in a retrospective
paired controlled series of burn patients treated with
HBO2 Waisbren reported increased sepsis, reduced renal 

function and decreased circulating white blood cells 
in HBO2-treated patients. The author stated he could 
demonstrate neither a salutory nor deleterious effect on 
mortality [86]. Despite these negative conclusions, it 
should be noted that there was an important 75% re-
duction in the need for grafting (p<0.001) in the 
hyperbaric group.
 In a randomized controlled study of 37 partial-thick-
ness burn patients treated with HBO2 versus 37 controls,
Merola reported increased granulation, faster healing
and decreased scarring [87].
 Cianci observed similar results in a series of patients
averaging 28% TBSA burns [88]. In a small blinded
review, Cianci’s group reported a 25% reduction in 
resuscitative fluid requirements (p<0.07) and maximum 
(and percent) weight gain (p<0.012) in seriously burned 
(40-80% TBSA) patients treated with adjunctive HBO2
versus controls at a regional burn center [82,84] 
(Figure 8) [89].
 In a controlled pilot series, Maxwell reported reduced
surgery, resuscitative weight gain, intensive care days,
total hospitalization time, wound sepsis and cost of
hospitalization in the HBO2 group [90]. Cianci reported 
reduced surgeries (p<0.03), length of hospital stay (53%)
and cost of care (49%) in 40-80% TBSA burns [91].
Hammarlund and colleagues showed reduced edema 
and wound exudation in a controlled series of human 
volunteers with UV-irradiated blister wounds [92] 
(Figure 9).
 In a subsequent similar study, Niezgoda (Figure 10)
demonstrated reduced wound size (p<0.03), laser Dop-
pler-measured hyperemia (p<0.05) and wound exudate
(p<0.04) in the HBO2-treated group. This study was the
first prospective randomized, controlled, double-blinded
trial comparing HBO2 with sham controls in a human
burn model [93].
 In a study purporting to conclude limited positive 
impact of hyperbaric oxygen therapy for burn patients, 
Brannen et al. in 1997 [94] reported a randomized pro-
spective trial of hyperbaric oxygen in the treatment of 
burn injury. Sixty-three patients received hyperbaric 
oxygen, and 62 served as controls. One-third of the 
hyperbaric-treated patients received their first treatment 
within eight hours of injury. However, the average time 
to treatment was 11.5 hours after the burn injury. The 
authors noted no difference in the outcome measures of 
mortality, number of operations, or length of stay, 
stating they were unable to demonstrate any significant 
benefit to burn patients from the use of HBO2.

Figure 8: Maximum 
weight gain / 3 days

Maximum weight gain at three days expressed as percentage of 
admission weight. HBO2-treated patients showed a 45 percent 
reduction in weight gain (p<0.03) [87]. ( With permission)
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Figure 9: Maximum length
as function of time
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irradiated (° ) blister wounds as a function of time. The 
value on (° ) is approximately the diameter of the suction 
cup used to create the blister (p<0.05). ( With permission)
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 There were serious limitations in this study. Two-thirds 
of patients did not receive their first treatment until more 
than eight hours after burn injury, with a mean of 11.5 
hours. Results in the subset of patients receiving earlier 
treatment were not examined separately. Important out-
come measures not studied were functional and cosmetic 
aspects of facial, hand and perineal burns. Length of stay, 
number of surgeries, and extent of grafting are subject 
to a variety of confounding influences,  including economic 
(e.g., hospital and insurance, utilization management, phys-
ician reimbursement) and social considerations (e.g., lack 
of adequate housing, caregivers and rehabilitation efforts).
 Despite randomization for age, burn size and inhalation 
injury, the populations were still heterogeneous. Comor-
bidity was not examined. Further, all patients underwent 
exceedingly early and aggressive excisional therapy, with
rapid discharge to a lesser level of care. While the authors 
failed to conclude there were significant benefits of HBO2
for burn patients in this study, the authors did observe 
less fluid loss, drier wounds that necessitated fewer dressing 
changes, and earlier healing. Further analysis also showed 
a significant reduction in hospital costs in the hyperbaric 
group.

Recent perspectives
Pain management
There is a substantial body of evidence reporting the 
use of hyperbaric oxygen therapy in pain attenuation.
Sutherland and colleagues [95] have done an excellent 
review of the literature and conclude that hyperbaric 
oxygen therapy has been proven to demonstrate a 
significant antinociceptive effect. They state that early 
clinical research indicates that hyperbaric oxygen 
therapy may be useful in modulating human pain; 
however, further studies are required to determine 
whether HBO2 is a safe and efficacious treatment mo-
dality.
 A particularly difficult problem for some burn 
patients is that opioid overuse contributes to adaptive 
immune suppression, and this may be associated with 
poorer outcomes. Neuropathic pain is typically dif-
ficult to treat and is thought to occur in a large per-
centage of those suffering severe burns. Rasmussen 
and colleagues [96] reported a series of 17 patients 
who underwent a controlled first-degree burn. One 
group was treated at atmospheric pressure with a 
fraction of inspired oxygen (FiO2)=0.21 during hy-
perbaric treatment. Another group was treated at 

Figure 10: Hyperbaric
oxygen therapy for burns
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2.4 ATA breathing 100% O2. Patients who underwent 
chamber treatment demonstrated attenuation of sec-
ondary hyperalgesia, i.e., an antinociceptive effect. The 
authors state that post-burn hyperbaric oxygen therapy 
has a potent antinociceptive effect that works at a 
central desensitization level. The authors suggest this 
thermal injury model may give impetus to future 
neurophysiologic studies exploring the central effects 
of hyperbaric oxygen treatment.
	 Chong et al. [97] reported a group of 17 burn patients 
who were treated with hyperbaric oxygen or routine 
burn care. They noted no difference in inflammatory 
cytokines or depth of burns, though patients in both 
groups either increased or reduced estimated depth of 
injury. There were fewer positive biopsies for bacterial 
colonization in the hyperbaric group. They also related 
that this was a preliminary study and of insufficient 
power to determine any real statistical significance, 
as 40 patients would have been required to achieve this 
goal. It was unclear as to the average time from injury 
to the provision of hyperbaric oxygen therapy. However, 
it was stated that patients were treated during “routine 
hyperbaric treatment sessions” and that the HBO2 
patients received two treatments within the first 22 
hours. It would be more appropriate to treat as soon 
as the patient is stable, as reported by others.
	 Jones et al. [98] reported a series of diabetic patients 
suffering foot burns. Transcutaneous O2 studies were
performed, and those patients who had low TcO2s and 
responded to an oxygen challenge underwent hyperbaric
oxygen therapy in addition to standard care. There were 
18 patients in the hyperbaric study group. All healed,
with one amputation. The authors compared this to a 
group of 68 patients treated with traditional care. Eleven
patients in this cohort suffered 31 amputations. The au-
thors reported the observations of their burn surgeons
that, with a larger sample size, a definite benefit could 
be demonstrated. Of note, three of the patients who were
scheduled for grafting healed spontaneously with HBO2 
alone.

Immunity and infection
A major and continuing clinical problem is the innate 
inflammatory response induced by genetic factors such
as those common in neutrophils and macrophages, 
which are massively increased while the T-cell adaptive
responses are downregulated. Zhang and colleagues [99] 
have shown that hyperbaric oxygen attenuates apoptosis
and decreases inflammation in an ischemic wound 

model. The effect of hyperbaric oxygen on modulation 
of white cell adherence to endothelium has been de-
scribed.  Thom et al. studied the effect of hyperbaric 
oxygen and demonstrated that HBO2 additionally does 
not alter platelet function but inhibits Beta 2-integrin 
adhesion to endothelium at pressures of 2.8 or more. 
This would have a beneficial effect on the early stages 
of burn injury [100].

Stem cell effects
Thom et al. reported that hyperbaric oxygen increases 
marrow stem cell populations, and these cells migrate
to areas of wounding [101-102]. The previously reported 
preservation of dermal elements, specifically, hair 
follicles, may represent an additional area for recruit-
ment of native stem cells in the healing of burns. This 
was described by Stewart et al. [103-104]. These should 
be areas of fruitful research in burn patients where 
prolonged healing is a major problem.

Antioxidant effects
Concern about oxygen toxicity is valid. However, Sureda 
and colleagues [105] studied the effect of hyperbaric
oxygen therapy in chronic wounds and reported that this 
modality actually enhanced plasma antioxidant defenses
and contributed to the activation of healing resolution, 
angiogenesis, and vascular tone regulation by increasing
the vascular endothelial growth factor (VEGF) and 
interleukin-6 release and the endothelin-1 decrease. 
These may be significant factors in simulating wound
healing. In clinical practice, acute oxygen toxicity is 
very rare and usually associated with prolonged treat-
ments utilized in decompression sickness.

Inhalation injury
Considerable attention has been given to the use of 
HBO2 in inhalation injury due in part to fear that HBO2
may cause worsening of pulmonary damage, particularly 
in those patients maintained on high levels of inspired
oxygen. The more extensive the burn injury, the higher 
the incidence of an inhalation injury [106]. Pulmonary
injury caused by smoke inhalation is a major cause of
fire-related deaths [107]. The airway injury can be wor-
sened  by a variety of chemical pyrolysis products, de-
pending on the material burned [108].
	 Grim studied products of lipid peroxidation in the 
exhaled gases in HBO2-treated burn patients and found 
no indication of oxidative stress [109]. In comparison 
with a comparable size burn alone, the combination of 
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a body burn and smoke inhalation injury results in a 
marked increase in mortality and morbidity, in hemo-
dynamic instability, in burn wound edema, a 30-50% 
increase in initial fluid requirements and an accentu-
ation of lung dysfunction.
	 Ray analyzed a series of severely burned patients being 
treated for concurrent inhalation injury, thermal injury
and adult respiratory distress syndrome [110]. The 
author noted no deleterious effect of HBO2, even in 
those on continuous high levels of inspired oxygen. More 
rapid weaning from mechanical ventilation was possible 
in the HBO2-treated group (5.3 days vs. 26 days, p<0.05). 
There was a significant reduction in cost of care per case 
of $67,000 in the HBO2-treated patients (p<0.05). Ad-
justed to 2016 U.S. dollars, this figure would be $121,000.
There is no current evidence to controvert these studies.

2009 Cochrane Review
In a 2009 Cochrane Database systemic review of the 
efficacy of HBO2 for thermal burns, Villanueva et al. 
identified four randomized controlled studies, of which 
two satisfied their inclusion criteria [111].
	 In the first trial in 1974 [85] Hart reported reduced flu-
id requirements and mean healing time (p<0.005), and
reduced mortality and morbidity when compared to 
controls.  There was also a reduction in mortality and 
morbidity when compared to the National Burn Infor-
mation Exchange standards.
	 Because of heterogeneity, the studies could not be 
pooled, although Hart reported mean healing time 
as significantly shorter (19.7 vs. 43.8 days (p<0.001)). 
The authors suggested that the Hart study was particu-
larly constrained by lack of power to detect useful 
clinical differences. The Brannen study [94], reporting 
no difference in mortality, length of stay or surgeries, 
was constrained by the previously mentioned limitations. 
The authors state that while there are promising results 
from non-random clinical reports, there is insufficient 
evidence to recommend or refute the routine use of 
hyperbaric oxygen for the treatment of thermal burns. 
The authors further suggest that a large multicenter
randomized study of sufficient power would be needed to 
address these shortcomings. The Cochrane report did not
consider several outcome studies with matched controls 
showing reduced length of stay, reduction in fluid re-
quirements and edema, reduction of surgery and cost 
effectiveness.
	 While these reports certainly had limitations, they rep-
resent valid analysis of the benefits of early treatment in

thermal injury and underscore that the observations of 
skilled and experienced physicians remain an important
component of determining therapeutic efficacy. A well-
designed, randomized, blinded control study with sham
treatment and sufficient power is certainly desirable yet 
remains to be performed. Most centers see very few large
burns; only 4% of burn admissions are for burns >40% 
TBSA, certainly necessitating a multicenter format.
Attempts at organizing such a study have so far been 
unsuccessful.

Clinical management
Surgical perspectives
Over the past 40 years, the pendulum has swung to an 
aggressive surgical management of the burn wound, i.e.,
early tangential or sequential excision and grafting of the 
deep second-degree and probable third-degree burns,
especially to functionally important parts of the body [112-
116]. Hyperbaric oxygen, as an adjunctive therapy, has
allowed the surgeon yet another modality of treatment 
for these deep second-degree burns, especially including
those to the hands and fingers, face and ears, and other 
areas where the surgical technique of excision is often
imprecise and coverage is sometimes difficult.
	 These wounds, not obvious third-degree, are then best 
treated with topical antimicrobial agents, bedside and 
enzymatic debridement, wound care, including biological 
dressings, and adjunctive hyperbaric oxygen therapy, 
allowing the surgeon more time for healing to take place 
and for definition of the extent and depth of injury 
(Figures 11-13).
	 Adjunctive hyperbaric oxygen therapy has drastically
reduced the healing time in the major burn injury, espe-
cially if the wounds are deep second-degree [81-83,88]. 
There is theoretical benefit of HBO2 therapy for obvi-
ously less well-defined third-degree burns [23]. Fourth-
degree burns, most commonly seen in high-voltage 
electrical injuries [117], are benefited by reduction in 
fascial compartment pressures, as injured muscle swel-
ling is lessened by preservation of aerobic glycolysis and, 
later, by a reduction of anaerobic infection.
	 Finally, reconstruction utilizing flaps, full-thickness 
skin and composite grafts, i.e., ear-to-nose grafts, has 
been greatly facilitated using adjunctive HBO2 [121]. 
Often the decision to use HBO2 therapy has been made 
intraoperatively when a surgeon is concerned about a 
compromised cutaneous or myocutaneous flap. Patients 
are, in many instances, prepared preoperatively about 
the possibility of receiving adjunctive HBO2 therapy 
immediately postoperatively.



460

UHM 2021, VOL. 48 NO. 4 – HBO2 FOR THERMAL BURNS

Cianci P, Sato RM, Faulkner J

A.  23-year-old white female with
facial burns from � aming gasoline

and tar 12 hours after injury.

B.  24 hours later (36 hours after 
injury) after two HBO2 treatments. 

Note resolution of edema.

C.  72 hours later (84 hours after 
injury) after six HBO2 treatments. 

D.  Shortly before discharge. E.  Four years after discharge. 

____________________________________________________________________________________________________________________________________________________________________

Figure 11: Burn victim's recovery

____________________________________________________________________________________________________________________________________________________________________

Note: Consent to use these photos was obtained prior to publication.

 Units planning treatment of burn patients should be 
experienced in management of critical-care patients in
the hyperbaric setting and specific problems of burn 
patients prior to initiation of a therapy program. Prefer-
ably, personnel should be certified in burn care and 
hyperbaric oxygen therapy. The hyperbaric department 
should function as an extension of the burn unit and 
participate in the team approach to burn management.

Hyperbaric oxygen
Hyperbaric oxygen therapy is begun as soon as possi-
ble after injury, often during initial resuscitation. Treat-
ments are attempted three times within the first 24 hours 
and twice daily thereafter on a regimen of 90 minutes 
of 100% oxygen delivery at 2.0 to 2.4 ATA. Early 
experience in treating children recommends 45 minutes 
twice daily [78], but more recent extensive clinical use 
of HBO2 in children demonstrates that adult protocols 
are safe.

 Patients are monitored during initial treatment and 
as necessary thereafter. Blood pressure can be monitored 
via transducers or non-invasively using blood pressure 
cuffs designed for use in monoplace chambers. Patients 
can be maintained on ventilator support during treat-
ment, which is frequently the case in larger burns with 
concurrent inhalation injury.
 Careful attention to fluid management is mandatory. 
Initial requirements may be several liters per hour, and
pumps capable of this delivery at pressure must be util-
ized in order to maintain appropriate fluid replacement 
in the hyperbaric chamber. In larger burn injuries, ade-
quate fluid and electrolyte resuscitation during the first 
24 hours can be problematic. Certain patients can de-
velop hypotension shortly after exiting the chamber. 
Careful volume replacement and assessment of fluid 
status is mandatory prior to, during, and immediately 
after HBO2 treatment. Increasing fluids during ascent 
may help compensate for any hypovolemia unmasked 
after hyperbaric oxygen exposure.
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Figure 11: Burn victim's recovery

A.  18-year-old white male with
deep partial- to full-thickness burns 

from � ame burn, TBSA 70%.
Photo taken before HBO2.

B.  Patient six days later 
after HBO2 twice daily.

C.  30 days later with HBO2. 
No skin grafts required 

on chest and torso.

____________________________________________________________________________________________________________________________________________________________________

Figure 11: Burn victim's recovery

A.  Deep partial-thickness burn to 
hand of 30-year-old white male with
burn, TBSA 60% and inhalation injury

Photo taken on admission.

B.  Patient six days later. C.  At surgery, light debridement.

D.  Immediately after surgery.
Note preservation of dermal 

appendages.

E.  Two weeks after admission.
Note re-epithelialization.

F.  Appearance on discharge
25 days post-injury,

Healed without grafting.

____________________________________________________________________________________________________________________________________________________________________

Note: Consent to use all  photos on this page was obtained prior to publication.
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	 Maintenance of a comfortable ambient temperature 
must be accomplished. Thermal instability may be a prob-
lem within one to two hours of burn wound cleansing 
and dressing change (depending on the methods used),
especially in large TBSA burns. These patients should 
be carefully assessed prior to an HBO2 exposure. Febrile
patients must be closely monitored and fever controlled, 
as oxygen toxicity is reported to be more common in
this group.
	 In large burns of 40% TBSA or greater, treatment is 
rendered for 10 to 14 days in close consultation with the 
burn surgeon. Many partial-thickness burns will heal 
without surgery during this time frame and obviate the 
need for grafting. Treatment beyond 20-30 sessions is 
usually utilized to optimize graft take. While there is 
no absolute limit to the total number of hyperbaric treat-
ments, it is rare to exceed 40 to 50 sessions, and util-
ization review is recommended.
	 Concern has been expressed about the use of the 
carbonic anhydrase inhibitor mafenide acetate (Sulfa-
mylon) and its removal recommended prior to HBO2 
treatment based on the potential for CO2 buildup, which 
can lead to vasodilatation [122]. Sulfamylon is less fre-
quently utilized in burn centers, and rarely used at the 
authors’ facility except in select cases (small TBSA, 
severe infection and/or contraindication to silver sulfa-
diazine). Its limited use in this setting has not resulted in 
any observed untoward effects [123]. Silver sulfadiazine 
is the most widely used topical therapy because of its 
relatively low toxicity and ease of use [9].
	 In larger TBSA burns, especially of the head and neck, 
otic barotrauma may be a problem, and careful attention
should be given to this potential complication. The 
HBO2 team should make use of early ENT consultation
when indicated.
	 Patients may be treated in a multiplace or monoplace 
configuration. Movement over long distances is not 
recommended; therefore patients should not be trans-
ported to a hyperbaric chamber that is not within the 
same facility as the burn center [124].

Patient selection criteria
Hyperbaric oxygen therapy is recommended to treat 
serious burns, i.e., greater than 20% total body surface
area, and/or with involvement of the hands, face, feet or 
perineum that are deep partial- or full-thickness injury.
Patients with superficial burns or those not expected to 
survive are not accepted for therapy. Transfer of patients

for HBO2 treatment should be considered carefully and 
should be sent only to a facility that has both a hyperbaric
chamber and a burn unit.

Utilization review
Utilization review is recommended after 30 hyperbaric 
oxygen sessions.

Cost impact
Burn care is expensive. During 1997-98, in a Northern 
California regional burn center (Doctors Medical Center
Burn Center), hospital costs for 20 burn patients averaged 
$253,000 ($393,000 in 2016 U.S. dollars) [125]. This 
includes the cost of hyperbaric oxygen that averaged 
$6,360 ($10,000 in 2016 U.S. dollars) per patient.
	 Cost data from the 2012 National Burn Repository 
report indicate that for patients who survive 60% total 
body surface area burns, charges average $1,297,000,000 
(in 2016 U.S. dollars) for the hospital stay alone. This 
does not include operating room time, surgeon’s bills, 
artificial skin, rehabilitation and other costs that can reach
$637,000 in 2016 U.S. dollars or more for burns over 
80% TBSA [1].
	 Although not calculated, cost savings as a result of the 
use of HBO2 in acute thermal injury are implied in all
of the 22 clinical studies in this report by demonstrating 
reductions in healing time, hospital length of stay, and
numbers of surgeries including grafting. In six of the 
studies, the authors specifically analyzed costs of care 
in thermal injury with and without adjunctive HBO2, 
estimating a range of average savings in patients treated 
with HBO2 from $76,000 to $120,000 per case.

DISCUSSION
Despite the many advances in burn therapy, including 
early excision, nutritional support, improved ventilation
and infection control, since the mid-1980s there ap-
pears to have been little change in mortality except for 
patients over 65 with larger burns. Early excision seems 
to have decreased mortality and overall length of stay in
smaller burns and for patients not suffering concurrent 
inhalation injury [126]. Engrav, in a review of 35 
years’ experience at the Harborview Burn Center in 
Seattle, Washington, reported that early excision did not 
decrease length of stay for larger burns, with little 
change since 1990 [127]. It has also been suggested that 
burn care may have already achieved “a floor of survival”
[128]. Thus, further improvement in burn care, length 
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of stay, mortality and cost containment must be ad-
dressed by additional therapeutic developments.  Adjunc-
tive hyperbaric oxygen therapy has been shown to re-
duce length of stay and cost of care in conjunction 
with early excision and comprehensive burn manage-
ment. The reader is directed to a comprehensive and 
recent review on priorities of burn research [129].

SUMMARY
Hyperbaric oxygen in the treatment of burns has been 
demonstrated in numerous animal studies and human
reports over the last 40 years. Observations utilizing 
hyperbaric oxygen therapy after burns have shown re-
versal of the zone of stasis, reduction of ischemia 
and ischemic necrosis, prevention of progression of 
partial- to full-thickness injury, moderation of inflam-
mation, lessening of the capillary leak, preservation of 
dermal elements, a reduced need for grafting, shortened 
hospital stay, and a reduction in cost of care.
	 The burn community has pointed out the need for im-
provement in our control of pain, speed of healing, and
scarring. Wolf and Engrav have both reported limited 
progress in burn therapy that has been made in the last 
20 years, especially in the control of the inflammatory 
state, the hypermetabolic syndrome, infection, and 
scarring. Perhaps the time has come for the burn com-
munity to routinely consider hyperbaric oxygen in the 
treatment of clinical burns.
	 “It is clear from review of collected research and 
clinical data that hyperbaric oxygen therapy provides 
a unique environment for wound recovery and tissue 
regeneration for thermal injury that cannot be com-
parably achieved by our current surgical and medical 
therapies. Evidence of the reduction in patient mor-
bidity and length of hospital stay has been observed in 
the majority of clinical observations regarding the use 
of HBO2 therapy in burn management and should be
expected to be gained from carefully structured programs 
utilizing these methods. The scientific evidence of the 
efficacy of HBO2 therapy as an effective tool for wound 
healing has made exceptional gains over the past 
three decades and provides us with a firm biological and 
physiologic basis for the use of this therapy in patients 
with complex wounds and burns. The scientific gains 

made from the observations of HBO2 therapy-related 
mechanisms for stem progenitor cell signaling and 
wound healing have also been significant. Finally, research 
documenting the vulnerary effects of HBO2 therapy at 
the cellular and molecular levels also suggests that this 
therapy has the potential to provide a much-needed 
elevation of the “floor of survival” for burn victims 
and should provide for substantial enhancements
in their wound healing and quality of life" [130].
	 Additional clinical evidence for the efficacy of hy-
perbaric oxygen therapy in burns would ideally result 
from a well-designed, multicenter, randomized study of 
sufficient power. While we await more data [129], we 
should remember that the observations of seasoned 
clinicians also remain a valid test of efficacy.
	 Current data show that hyperbaric oxygen therapy, 
when used as an adjunct in a comprehensive program of 
burn care, is a cost-effective modality that can signifi-
cantly improve morbidity and mortality, reduce length 
of hospital stay, and lessen the need for surgery. It has 
been demonstrated to be safe in the hands of those 
thoroughly trained in rendering hyperbaric oxygen 
therapy in the critical-care setting and with appropriate 
monitoring precautions. Careful patient selection and 
screening are mandatory.
	 Given our current understanding of the uniquely ben-
eficial effects of hyperbaric oxygenation on the cellular 
and molecular mechanisms of wound healing, it is sug-
gested that the formal integration of hyperbaric oxygen 
therapy in early burn wound management be thought-
fully considered, as well as further investigated in well-
designed multicenter studies that may provide data for 
burn wound healing and burn patient outcomes sup-
portive of this role.
	 	 	 	 	 	 	 n
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