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Abstract

Ozone therapy is presented like an alternative therapy in critically ill patients.
After ozone therapy, an improvement in the hemodynamic parameters with an
increase in tissue oxygenation were demonstrated. No modifications in the cardiac
output were reported. A modulating effect of ozone therapy in certain biochemical
parameters was observed. Also, microbiologic cultures were negative and
leukocyte figure became normal. An ozone therapy preventive effect in the
appearance of generalized sepsis was observed. With all these results we conclude
that ozone therapy can be considered as a prophylactic therapy in critically ill
patients.

Introduction

Critically ill patients that are submitted to the Intensive Care Unit (ICU), represent a challenge for
the multidisciplinary teamwork. Because of the wide variety of physiological elements that are
involved, a great quantity of death per year are present in the whole world.

In the United States for example, sepsis develops in more than 750 000 critically patients each year
with only 50 to 70 % survival rate. Unfortunately, because of the high mortality rate
associated with sepsis, there are in excess of 600 patients per day dying of sepsis-related
complications in the United States alone (1).

Despite a long history of efforts to produce efficacious therapeutic interventions just like
intensive medical care, antibiotic treatments and surgery when indicated, the condition
remains a major cause of hospital-based mortality and morbidity (2-4). Several therapeutic
strategies have been used in order to minimize this problem with variable results.

Ozone therapy is presented like an alternative therapy due to its different biological effects.
Specifically: improvement in the oxygen metabolism, modulation in the biological oxidative
stress and in the immunologic system (Figure 1) (5-9).
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Figure 1. Biological effects of ozone.

All the effects above mentioned are closely linked with the recovery and prognosis of critical
patients. Taking into account all these aspects and also preliminary experiences (10,11), the
results, using ozone therapy in a group of patients hospitalized in the ICU, are presented.

Materials and Methods

Patients and Treatment

A multicenter study in 20 patients hospitalized in the ICU was performed. Patients presented
the following inclusion criteria: less than 65 years old, cranial and/or thoracic trauma,
submitted to surgery or not, with mechanical ventilation or not, without humoral, radiologic or
microbiologic evidence of clinical infection, without criteria of brain death.

Prophylactic ozone was administered, daily, by major autohemotherapy (200 ml of blood with
anticoagulant mixture with 200 ml of ozone/oxygen, at a concentration of 45 mg/l) during 5
sessions. Prophylactic antibiotic therapy was not indicated.

Clinical laboratory test and radiologic studies were performed, daily, in each patient, during
the first 5 days of evolution. To 13 patients that needed mechanical ventilation, hemodynamic



determinations were performed using thermodilution with Swan Ganz catheter, before ozone
therapy and after each hour up to 4 hours. This was repeated every day during the 5 days of
ozone therapy.

Results

From the 13 patients that needed ventilator support, 10 were weaning from the machine. The
other 3 patients died, due to the magnitude of the cranial trauma (Table 1).

Table 1. Distribution of patients

Number of patients Respiratory Support Burvivors Died
20 13 | 10 3

After ozone therapy, an improvement in the hemodynamic parameters with an increase in tissue
oxygenation were demonstrated. A shift of the HbO,/Hb balance to the right, towards
deoxygenated hemoglobin, improving peripheral oxygen supply was observed. Also, an
increase in hemoglobin saturation with high oxygen partial pressure figures and normalization of
the difference alveolus-capillary oxygen (DA-a02) were found. No modifications in the cardiac
output (CO) were reported (Figures 2, 3, 4 and 5).
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Figure 2. Hemoglobin oxygen saturation measurements.
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Figure 3. Results of the difference alveolus-capillary oxygen.
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Figure 4. Oxygen partial pressure measurements.
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Figure 5. Cardiac output measurements.



A modulating effect of ozone therapy in certain biochemical parameters, such as a decrease of the

metabolic acidosis and a fast normalization in glucose figures in blood were achieved (See figures
6 and 7).
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Figure 6. Arterial blood pH measurements.
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Figure 7. Blood glucose levels measurements.

Also, microbiologic cultures were negative and leukocyte count figure became normal (Figure
8).
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Figure 8. Leucocyte count.

Taking into account radiologic studies, no significant incidence of lung sepsis was found and
if it existed, it can be controlled without using second or third generation antibiotics. Finally
an ozone therapy preventive effect in the appearance of generalized sepsis was observed.

Discussion

No several reports were founded concerning to ozone therapy applied in critically ill patients. Our
experiences are a new approach in the management of patients admitted in ICU and must be
considered as a new tool in this field.

It was a relevant finding the improvement in the tissue oxygenation according to an increase in
hemoglobin saturation, with high oxygen partial pressure and gradual normalization of the
difference alveolus-capillary oxygen (DA-a02). This ozone effect has been reported in several
papers (8,9).

No modifications in the cardiac output (CO) were founded in this study. Recently, some
references report benefits about the hemodynamic stability of patients with severe sepsis (12).
In the other hand, the no significant incidence of lung sepsis and the possibilities to handle
with routine antibiotics allow to reduce the adverse reactions closely linked with their use
(immuno-depression, infections by opportunistic microorganisms, renal failure, etc.). The
widespread use of broad-spectrum antibiotics can increased the rates of both antibiotic
resistance and nosocomial infections, and these have a direct impact on the incidence of
sepsis. All those aspects cause severe complications and contribute to a bad prognosis during
the recovery of many patients (13). It is well established (8,9) the great germicide power of
ozone. Beside the disinfectant properties, ozone appears to stimulate the phagocytic activity
of neutrophils and to modify immunoglobulin levels (9). Also, ozone at therapeutical doses,
can act upon human peripheral blood mononuclear cells, as a mild cytokine’s inducer. The
exclusive microenvironmental release of cytokines may have the advantage of activating
suppressed immune cells with the stimulating phagocytosis, natural killer and other T.cell
cytotoxic activities (8,9,14-16).



In the same way an adequate metabolic control, such as a decrease of the metabolic acidosis
and a fast normalization in the glucose blood levels, are in correspondence with a good
cellular statement. Lactate accumulation is associated with intracellular acidosis, an important
cause of cellular injury, resulting in direct structural damage to cells and increased Ca2+
accumulation in tissue (17). It have been proved, in preclinical and clinical studies (5,7,18,19)
that ozone oxidative preconditioning reduced lactate and uric formation and controlled the
oxidative stress.

Conclusions

With all these results achieved, ozone therapy can be considered as a prophylactic therapy in
critically ill patients. All the efforts concerning to diminished a possible septic complication
or to prevent a septicemia, in a critically ill patient, are a new step for the Medical Science.

Key Words

Ozone; critically ill patients; septic complications; oxygen partial pressure.

References

1. “New evolutions in understanding and managing patients with sepsis: Focus on the role of
therapy with recombinant human activated Protein C”, Critical Care Treatment Updates
Medscape, Inc. Ed. (2000).

2. Bosch, X. “Drug reduces death from sepsis”, BMJ., 322:638-645 (2001).

3. Martin, G.S. "Diagnosis and Treatment of the Critically Il Sepsis Patient”, 30th
International Educational and Scientific Symposium of the Society of Critical Care
Medicine, Day 1 - February 10 (2001).

4. Warren, H.S. “Understanding Sepsis: New Findings, New Theories”, Infectious Diseases
Society of America Ed., 37th Annual Meeting, Day 2 - November 19 (1999).

5. Leon, O.S., Menéndez, S., Merino, N., Castillo, R., Sam, S., Pérez, L., Cruz, E., Bocci, V.
“Ozone oxidative preconditioning: a protection against cellular damage by free radicals”,
Mediators of Inflammation, 7:289-294 (1998).

6. Barber, E., Menéndez, S., Ledn, O.S., Barber, M.O., Merino, N., Calunga, J.L.,Cruz, E.,
Bocci, V. “Prevention of renal injury after induction of ozone tolerance in rats submitted
to warm ischemia”, Mediators of Inflammation, 8:37-41 (1999).

7. Hernandez, F., Menéndez, S., Wong, R. “Decrease of blood cholesterol and stimulation of
antioxidative response in cardiopathy patients treated with endovenous ozone therapy”,
Free Rad. Biol. Med., 19:115-119 (1995).



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Viebahn, R. The use of ozone in Medicine, 3" English edition (Iffezheim, Germany:
ODREI-Publishers, 1999), p.95-119.

Bocci, V. "Ozone as a bioregulator. Pharmacology and toxicology of ozonetherapy today”,
Journal of Biological Regulators and Homeostatic Agents, 10(2/3):1-53 (1997).

Rabell, S., Menéndez, A., Alonso, P.L., Gutiérrez, F., Valdeés, J., Diaz, A., Ruibal, A.,
Gomez, M., Menéndez, S. “La terapia con ozono y la prevencion de la sepsis en el
enfermo critico”, Revista CENIC Ciencias Bioldgicas, 20(1-2-3):124-127 (1989).

Calvo, R., Menéndez, S., Gomez, M., Lacaza, A., Molerio, J. “Experiencias preliminares
en la utilizacion del ozono en pacientes de Terapia Intensiva del Hospital Carlos J.
Finlay”, Revista CENIC Ciencias Bioldgicas, 20(1-2-3):128-135 (1989).

Task Force of the American College of Critical Care Medicine, Society of Critical Care
Medicine. “Practice parameters for hemodynamic support of sepsis in adult patients in
sepsis”. Crit. Care Med., 27:639-660 (1999).

Opal, S.M., Cohen, J. “Clinical gram-positive sepsis: does it fundamentally differ from
gram-negative bacterial sepsis?”, Crit. Care Med., 27:1608-1616 (1999).

Bocci, V. "Autohemotherapy after treatment of blood with ozone. A reappraisal”, J. Int.
Med. Res., 22:131-144 (1994).

Bocci, V. "Ozonization of blood for the therapy of viral diseases and immunodeficiencies.
A hypothesis”, Medical Hypotheses, 39:30-34 (1992).

Bocci, V. “Is ozone therapy therapeutic?”, Perspectives in Biology and Medicine,
42(1):131-143 (1998).

De Albuquerque, C.P., Gerstenblith, G., Weiss, R.G. “Importance of metabolic inhibition
and cellular pH in mediating preconditioning contractile and metabolic effects in rat
hearts”, Circulation Research, 74:139-150 (1994).

Peralta, C., Ledn, O.S., Xaus, C., Prats, N., Jalil, E.C., Planell, E.S., Puig-Parellada, P.,
Gelpi, E., Rosell6-Catafau, J. “Protective effect of ozone treatment on the injury
associated with hepatic ischemia-reperfusion: antioxidant-prooxidant balance”, Free Rad. Res.,
31:191-196 (1999).

Candelario-Jalil, E., Mohammed-Al-Dalain, S., Leén, O.S., Menéndez, S., Pérez-
Davidson, G., Merino, N., Sam. S., Ajamieh, H.H. “Oxidative preconditioning affords
protection against carbon tetrachloride-induced glycogen depletion and oxidative stress in
rats”, J. Appl. Toxicol., 21 (2001) (in press).



