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For many critical care physicians the indications for hy-
perbaric oxygen (HBO) therapy are still a matter of de-
bate, and it is therefore often referred to as a “therapy in
search of diseases” [1]. While accepted as the primary
treatment of severe decompression illness [2] and other
forms of cerebral gas embolism [3], other proposed in-
dications still are controversial. Nevertheless, there are
several indications for which evidence exists that HBO
therapy alone or as an adjunct has beneficial effects [4, 5].
Most of these indications affect intensive care medicine
or even belong primarily to this specialty. A major
problem in understanding the underlying mechanisms of
HBO, however, has been the view that it is technically
rather complex and demanding means to improve tissue
O, delivery or, in other words, to compensate for a lack of
O, transport capacity. Newer findings, however, clearly
suggest that this is only one aspect of its action, since it is
now well-established that O, administered at supranormal
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pressures may also act as a signal transducer [6, 7], which
results in the enhanced expression of antioxidative en-
zymes as well as in modulation of the expression of
growth factors and cytokines. These properties of pure O,
breathing at supra-atmospheric pressures have allowed
researchers to explain the beneficial effects of HBO for
carbon monoxide poisoning or reperfusion injury and
opened new windows to encourage the research on its
qualities during systemic inflammation.

In Intensive Care Medicine Oter et al. [8] now report
on the effect of HBO, alone or in combination with the
antibiotic cefepime, on liver function and morphology in
rats rendered septic by intraperitoneal injection of an
Escherichia coli suspension. The main findings of this
study are that: (a) sepsis per se results in a marked in-
crease in markers of tissue oxidative stress, which in-
creases while the activities of the antioxidant enzymes
decreased, associated with (b) a rise in blood transami-
nase activity documenting hepatocyte injury and (c)
marked neutrophil infiltration and cell “degeneration” in
the liver. Antibiotic treatment and HBO alone resulted in
both reduced plasma transaminase activities and attenu-
ated tissue oxidative stress, but combining HBO and an-
tibiotics was most efficient. Furthermore, the combined
treatment provided only rather normal histological find-
ings. Finally, the HBO-treated animals even presented
with increased antioxidant enzyme activities in the liver.
The authors concluded that HBO may be a useful adju-
vant for improving the efficacy of the treatment of sepsis.

That HBO exposure may have beneficial effects in
experimental models of systemic inflammation is by no
means new, and Oter et al. confirm previous findings in
rodents by other authors. Several studies have reported
that HBO exposure blunts the vascular derangements and
organ failure in a zymosan-induced shock model in rats,
ultimately resulting in improved survival [9, 10, 11], and
in endotoxic rats HBO attenuated LPS-induced acute lung
injury [12]. Although both interventions led to a highly
reproducible, generalized systemic inflammation, which
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is consistent with consensus definitions of the host in-
flammatory response, neither endotoxic nor zymosan-in-
duced shock mirror all aspects of human bacterial sepsis.
Thus they may be referred to as artificial and not similar
enough to any clinically observed insult. The study by
Oter et al. has the merit of investigating an animal model
of systemic bacterial sepsis as a result of localized in-
fection, which, furthermore, integrates standard clinical
care using antibiotics. In this context, the crucial role of
HBO-induced improvement in host defense may have
assumed particular importance for the authors’ findings: it
is well-established in humans that HBO exposure in-
creases both the respiratory burst and phagocytic capacity
while, interestingly, chemotaxis is reduced [13]. Several
further mechanisms established in models of ischemia-
reperfusion injury may help to explain the data reported
by Oter et al. HBO has been shown both to decrease the
rolling and adhesion of polymorphonuclear leukocytes via
inhibition of neutrophil B,-integrins [14, 15, 16] and to
reduce leukocyte-endothelium interaction via downregu-
lation of cell adhesion molecules [17, 18]. The well-es-
tablished improvement in microvascular perfusion that
results from these effects [19, 20] most likely is partially
related to an HBO-induced stimulation of NO synthesis
[12, 21]. Finally, Oter et al. even demonstrated that HBO
beneficially affected oxidative stress in their model. Al-
though previously reported by other authors [11] partic-

ularly in the context of CO intoxication [22, 23], at first
glance this observation seems paradoxical since the en-
hanced formation of oxygen free radicals is directly re-
lated to the O, partial pressure [24]. It is well-known that
exposure to HBO promotes oxidative stress [25, 26], for
example, to the DNA [27]. It is noteworthy, however, that
HBO is associated with increased local endothelial sur-
face superoxide dismutase activity [27, 28], and that
HBO-induced DNA strand breaks are not only rapidly
repaired but, furthermore, induce efficient adaptive pro-
tective mechanisms resulting in complete protection
against subsequent oxidative stress, at least in healthy
volunteers [28].

What is the clinical impact of the study by Oter et al.?
Clearly the inherent risks of HBO therapy [29] as well as
its technical complexity will preclude a wide-range use
for the treatment of sepsis and septic shock, particularly in
the context of today’s budget limitations. Nevertheless,
the findings of this study provide another step in under-
standing the pathophysiology of sepsis and the exciting
biochemical effects of hyperbaric oxygen. More than this,
similar to hemorrhagic and ischemia reperfusion-induced
shock [30, 31], the door for investigating the ‘“smaller
little (?) brother” of hyperbaric oxygen, normobaric hy-
peroxia, i.e., pure O, breathing under normobaric condi-
tions, in such a clinical state has become a little more
open.

References
1. Gabb G, Robin ED (1987) Hyperbaric 8. Oter S, Edremitlioglu M, Korkmaz A, 12. Lu MY, Kang BH, Wan FJ, Chen CS,
oxygen. A therapy in search of diseases. Coskun O, Kilic D, Kisa U, Yaren H, Huang KL (2002) Hyperbaric oxygen
Chest 92:1074-1082 Bilgic H (2005) Effects of hyperbaric attenuates lipolysacccharide-induec
2. Tetzlaff K, Shank ES, Muth CM (2003) oxygen treatment on liver functions, acute lung injury. Intensive Care Med
Evaluation and management of decom- oxidative status and histology in septic 28:636-641
pression illness-an intensivist’s per- rats. Intensive Care Med 31 (http:// 13. Labrouche S, Javorschi S, Leroy D,
spective. Intensive Care Med 29:2128— dx.doi.org/10.1007/s00134-005-2701- Gbikpi-Benissan G, Freyburger G
2136 6) (1999) Influence of hyperbaric oxygen
3. Blanc P, Boussuges A, Henriette K, 9. Luongo C, Imperatore F, Cuzzocrea S, on leukocyte functions an haemostasis
Sainty JM, Deleflie M (2002) latrogenic Filippelli A, Scafuro MA, Mangoni G, in normal volunteers. Thromb Res
cerebral air embolism: importance of an Portolano F, Rossi F (1998) Effects of 96:309-315
early hyperbaric oxygenation. Intensive hyperbaric oxygen exposure on a zy- 14. Thom S (1993) Functional inhibition of
Care Med 28:559-563 mosan-induced shock model. Crit Care leukocyte B2 integrins by hyperbaric
4. Kindwall EP (1993) Hyperbaric oxy- Med 26:1972-1976 oxygen in carbon monoxide-mediated
gen. BMJ 307:515-516 10. Cuzzocrea S, Imperatore F, Costantino brain injury in rats Toxicol Appl Phar-
5. Tibbels PM, Edelsberg JS (1996) Hy- G, Luongo C, Mazzon E, Scafuro MA, macol 123:248-256
perbaric-oxygen therapy. N Engl J Med Mangoni G, Caputi AP, Rossi F, Filip-  15. Chen Q, Banick PD, Thom SR (1996)
334:1642-1648 pelli A (2000) Role of hyperbaric oxy- Functional inhibition of rat polymor-
6. Davidson JD, Mustoe TA (2001) Oxy- gen exposure in reduction of lipid per- phonuclear leukocyte 2 integrins by
gen in wound healing: more than a nu- oxidation and in multiple organ failure hyperbaric oxygen is associated with
trient. Wound Repair Regen 9:175-177 induced by zymosan administration in impaired cGMP synthesis. J Pharmacol
7. Buras J (2000) Basic mechanisms of the rat. Shock 13:197-203 Exp Ther 276:929-933
hyperbaric oxygen in the treatment of 11. Imperatore F, Cuzzocrea S, Luongo C,  16. Thom SR, Mendiguren I, hardy K,

ischemia-reperfusion injury. Int Anes-
thesiol Clin 38:91-109

Liguori G, Scafuro A, De Angelis A,
Rossi F, Caputi AP, Filippelli A (2004)
Hyperbaric oxygen therapy prevents
vascular derangement during zymosan-
induced multiple-organ-failure syn-
drome. Intensive Care Med 30:1175—
1181

Bolotin T, Fisher D, Nebolon M,
Kilpatrick L (1997) Inhibition of human
neutrophil 2 integrin-dependent ad-
herence by hyperbaric oxygen. Am J
Physiol 272:C770-C777



1152

17.

19.

20.

Buras JA, Stahl GL, Svoboda KK,
Reenstra WR (2000) Hyperbaric oxy-
gen downregulates ICAM-1 expression
induced by hypoxia and hypoglycemia:
the role of NOS. Am J Physiol
278:C292-C302

. Larson JL, Stephenson LL, Zamboni

WA (2000) Effect of hyperbaric oxygen
on neutrophil CD18 expression. Plast
Reconstr Surg 105:1375-1381
Zamboni WA, Roth AC, Russell RC,
Graham B, suchy H, Kucan JO (1993)
Morpholig analysis of the microcircu-
lation during reperfusion of ischemic
skeletal muscle and the effect of hy-
perbaric oxygen. Plast Reconstr Surg
91:1110-1123

Zamboni WA, Wong HP, Stephenson
LL (1996) Effect of hyperbaric oxygen
on neutrophil concentration and pul-
monary sequestration in reperfusion
injury. Arch Surg 131:755-760

21.

22.

23.
24.

25.

26.

Thom SR, Fisher D, Zhang J, Bhopale
VM, Ohnishi ST, Kotake Y, Onishi T,
Buerk DG (2003) Stimulation of
perivascular nitric oxide by oxygen.
Am J Physiol 284:H1230-H1239
Ischiropoulos H, Beers MF, Ohnishi
ST, Fisher D, Garner SE, Thom SR
(1996) Nitric oxide production and
perivascular nitration in brain after
carbon monoxide poisoning in the rat.
J Clin Invest 97:2260-2267

Stamler JS, Piantadosi CA (1996) O=0
NO: it’s CO. J Clin Invest 97:2165-2166
McCord JM (2000) The evolution

of free radicals and oxidative stress.
Am J Med 108:652-659

Pelaia P, Rocco M, De Blasi RA,
Spadetta G, Alampi D, Araimo FS,
Nicoluci S (1995) et al. Assessment of
lipid peroxidation in hyperbaric oxygen
therapy: protective role of N-acetylcys-
teine. Minerva Anestesiol 61:133-139
Benedetti S, Lamorgese A, Piersantelli
M, Pagliarani S, Benvenuti F, Canes-
trari F (2004) Oxidative stress and an-
tioxidant status in patients undergoing
prolonged exposure to hyperbaric oxy-
gen. Clin Biochem 37:312-317

27.

28.

29.

30.

31.

Speit G, Dennog C, Radermacher P,
Rothfuss A (2002) Genotoxicity of hy-
perbaric oxygen. Mutat Res 52:111-119
Kaelin CM, Im Mju, Myers RA, Man-
son PN, Hoopes JE (1990) The effects
of hyperbaric oxygen on free flaps in
rats. Arch Surg 125:607-609

Carraway MS, Piantadosi CA (1999)
Oxygen toxicity. Respir Care Clin N
Am 5:265-295

Bitterman H, Brod V, Weisz G, Kushnir
D, Bitteman N (1996) Effects of oxygen
on regional hemodynamics in hemor-
rhagic shock. Am J Physiol 271:H203—
H211

Waisman D, Brod V, Wolff R, Sabo E,
Chernin M, Weintraub Z, Rotschild A,
Bitterman H (2003) Effects of hyper-
oxia on local and remote microcircula-
tory inflammatory response after
splanchnic ischemia and reperfusion.
Am J Physiol 285:H643-652



