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Background: Infection is a serious surgical complication that increases significantly
morbidity and mortality rates as well as health care expenses. Bacterial evergrowing resistance to antibiotics makes the treatment of such events even more
troublesome.
Objective: Report on a surgical infection case treated with ozone as a
complementary therapy
Case presentation: Female, 65 years old, submitted to a complex surgical
procedure for adult kyphotic deformity correction that presented with early postsurgical infection. The patient was treated with revision surgery and antibiotics
that improved the condition but were unable to eliminate the infection. Ozone, in
its gaseous form, was injected subcutaneously and paravertebrally twice a week
for three weeks. After 3 weeks of treatment the wound healed completely and
repeated visits and blood exams up to one year after the surgery did not show
recurrence of infection
Discussion and Conclusions: Although we cannot recommend the extended
use of ozone therapy for surgical infections, the results of this case report indicate
a new way that merits to be explored.
Introduction
Infection is one of the most fearsome complications in spinal surgery and has the
ability to transform even a simple procedure in a nightmare situation with high
postoperative morbidity, mortality and important increase in health care expenses.
(1) Literature reports this event to range between 0.5% and 18.8%. (2,3)This
extremely wide range can bejustified by the incidence of infection occurring in
different spinal surgery procedures. More complex procedures, such as deformity
corrections and long posterior instrumentations, bear a higher risk of infection
while low complexity procedures such as microscopically assisted ones, will have
low or very low infection rate.(4,5)
Surgical infections have three possible sources. External, environmental source,
originating from surgical instruments orthe theater air,an external, biological
source, taking place from the skin near the incision site and an internal source,
arising from internal mucous membranes such as gastro-intestinal, genitourinary or oro-pharingeal sites of endogenous,usually chronic, infections. In order
to become clinically evident, the infection requires a sufficient bacterial load, a
sufficient tissue damage and a significant lowering of immune response of the
host. (6,7)The most frequent pathogens giving rise to infections are the aerobic
ones, however, anaerobic microorganisms were found responsible for infections
in approximately 38% of cases.The scarce information on these last ones is a
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consequence of a more difficult and cost-consuming procedureto verify them. (4,6)
Indeed, it seems that the combined action of aerobic and anaerobic pathogens is
frequently involved in the occurrence of the surgical infection (8)
Risk factors such as obesity, diabetes, age over 60, chronic infections, prolonged
operating time, blood loss, post-operative pain, anxiety, depression,etc., has been
recognized as significant risk factors increasing the incidence of infection after
spinal surgery (9,10). Up to date, there is no univocal idea on mechanisms of
infection development. One theory favorsthe infection as a direct mechanical
effect of bacterial virulence.Others are more incline to indicate the type of bacteria
as being responsible for infection initiation. (11,12,13)
Ozone is a triatomic allotrope of oxygen with a high electro-voltaic potential. Its
known bactericidal, fungicidal and viristatic action is largely used in food and
drinking water industry (14,15). The mechanism through which it explicatesthe
bactericidal action is believed to lay in its capacity to destroy the protein and lipid
reactive sites on cell membranes of bacteria. (16) Laboratory findings indicate
ozone to have a high destructive potential on vegetative and planktonic forms of
bacteria immersed in water and/or saline solution. (17) Results on its activity on
biofilms are not so univocal however, ozone seems to have better destruction
capacity then common treatment with antibiotics (18, 19, 20, 21, 22, 23, 24)
Toxicological tests found that ozone, as applied to laboratory animals in acute
and subacute doses, didn’t show any tissue damage when studied either under
electronic microscopy or histology. (25)
We report a case of post-operative spine surgery infection treated successfully
with intra-wound application of gaseous form of ozone.
Case presentation
Female, 65 years of age, presented to the outpatient clinic due to progressively
worsening low back pain started three years before with recent radiation of pain
to both her lower extremities mainly to the right side. Radiological examination
showed a case of spinal stenosis at L3/L4 and L4/L5 levels with significant sagittal
imbalance: Pelvic Index 56°; Pelvic Tilt 24°; Lumbar Lordosis 25° and C7 plumb
line + 115 millimeters.(Figure 1&2)

Figure 1
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Figure 2

The patient’s BMI was 33.06 and the bone densitometry showed a T score of
-0.6. No significant comorbidities or risk factors were reported. The patient was
submitted to a complex spinal surgical procedure for sagittal imbalance correction
and decompression. An anterior approach at L5/S1 was donewith an ALIF
(anterior lumbar interbody fusion) cage insertion and upon, the patient was turned
laterally and an ACR XLIF (anterior column release extreme lateral interbody
fusion) cage was positioned in L3/L4 obtaining an approximately 30 degrees of
sagittal correction. Moreover, from the same lateral approach another two lordotic
XLIF cages were positioned at L4/L5 and L2/L3 levels for further improvement of
the balance and anterior support to the spine.
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Upon, the patient was positioned prone on the Risser frame, and a decompression
of the lumbar spine with pedicle screw instrumentation from the ileum up to L1
was done. (Figure 3)

Figure 3

On 5th post-op day the patient presented with hyperthermia (39.1°C) and wound
discharge. The day after, blood culture was taken and the resultshowed positivity
for Enterococusfaecalis. C-Protein reactivity (CPR) showed values of 16.59. The
MRI (magnetic resonance imaging) showed diffuse inflammatory changes of the
paravertebral muscles and localized collections. (Figure 4 & 5).

Figure 4 & 5
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Due to aforementioned findings, arevision surgery with debridement was done.
During the surgery, loosening of the upper screws was found and an extension of
the instrumentation up to D10 was performed. Multiple tissue swabs taken during
the surgery confirmed the results of blood culture test. The infectious disease
specialist advised the following treatment:Ampicilin 3gr x 4 a day and Gentamicin
320 mg a day. After 15 days, and significant improvement in health conditions,
the medication was changed to Augmentin 1 gr x 3 a day. On discharge from the
hospital, the patient’s blood values showed significant reduction of inflammatory
markers: White Blood Cells 4.79 and CPR 3.28.
Upon discharge the patient continued with the antibiotic treatment and was
followed closely with weekly out-patient visits. The surgical wound healing was
not optimal with two wound fistulas still discharging yellowish, dense, liquid. The
wound continued to show redness and tenderness. After almost a month from
the discharge the CPR values were almost the same (3.5) as it was the wound
drainage.The patient started showing severe tiredness, loss of appetite and
general health deterioration. Before proceeding with a new revision surgery, a
decision was taken to try using ozone therapy for its known bactericidal effects.
Oxygen-ozone mixture in gaseous form was injected inside the wound with the
following modality:
The procedure was done in outpatient clinic with the patient laying in lateral
decubitus. Needle cannula of 16 G was inserted inside the fistula and the syringe
suction was applied as to remove the subcutaneous liquid collection.Approximately
120 milliliters (ml) o yellowish and dense liquid was removed. Then, using a 60
ml syringe, ozone-oxygen mixture in concentration of 20 micrograms of ozone /
milliliter of oxygen, was injected into the subcutaneous space. Eight syringes of gas
mixture were applied for a total of 480 ml. Then another two, 60 ml injections, were
introduced deep inside the paravertebral muscles using a 20 G, 5 centimeter-long,
needles. These procedure was repeated twice weekly for two weeks and then
again once on the third week. Already from the second week (third treatment), the
wound presented in significantly better conditions. The fistulas were still open but
the secretion,still yellowish, was not anymore dense. There was no more redness
of the wound and the back pain diminished significantly. On the last session the
patient presented in much better general health conditions with significantly less
pain and tiredness as compared to the first session.The previously described
fistulas were completely closed so we had to puncture the skin for the last session.
No more discharge could be found even on suction. The skin around the wound
was flat and no redness could be seen anymore. The patient repeated her blood
exams for inflammatory markers a week after the last session that showed normal
values (CPR 1, Pro-calcitonin < 0.5).
During the follow up of up to a year after surgery, the patient was seen once a
month and repeated blood exams, initially once a month for two months and then
upon on 6 and 12 months were done. No clinical or laboratory signs of infection
presented ever more.
Discussion and Conclusion
Due to the rise of multi-resistant bacteria and a decrease of effectiveness of
antibiotics, infections are becoming a serious concern in the health care profession.
(26, 27). Ozone is being widely used for the treatment of different medical
conditions among which the treatment of bacterial, viral and fungal infections. (28)
This case illustrates a severe post-surgical infection treated initially with,evidence
based, treatment modalities of revision surgery and prolonged regime of
antibiotics. Nonetheless, only partial healing was obtained. Adding the ozone into
the treatment took over the “status quo” situation and switched the patient on the
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healing side of the process.
Experimental work of different authors indicate that ozone is a highly active
bactericidal substance in vitro both on vegetative as well as planktonic forms of
bacteria. Seemingly, it also shows superior results in the treatment of biofilms
as compared to antibiotics. (17,19,20,21,22,23,24). Ozone therapy for infections
seems to have similarities with hyperbaric oxygen treatment. Animal studies
comparing these two modalities in acute pancreas infection showed positive result
for both treatments with clear prevalence for the ozone therapy. (29)Literature
review found a few published articles on the use of ozone for the prevention and
treatment of surgical infections in clinical settings. (30, 31) The authors state that
ozone treatment of the infections showed promising results and indicated ozone
having a possible role in prevention of surgical infections, too.
Of course, a single case is not a proven demonstration of clinical benefit, however,
it indicates a new complementary treatment modality of the aforementioned
condition that should be explored, particularly in the era of ever growing bacterial
resistance to antibiotics.
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