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ABSTRACT

Diabetes mellitus (DM) is a chronic metabolic disease affecting millions of people worldwide. One of the many complications of poorly controlled diabetes
is chronic nonhealing diabetic foot ulcers which are a significant cause of hospitalization and increase the risk of amputation. Previously, we demonstrated
the beneficial effects of transdermal carboxytherapy for treating patients with diabetic ulcers; however, topical carboxytherapy has emerged as a viable
noninvasive adjunct for wound healing. Here, we present our initial observations following the addition of a topical CO2 gel to standard wound care for
treating small diabetic foot ulcers (CO2 LIFT® Carboxy Gel, Lumisque, Inc.; Weston, FL USA). The product was provided as two components which, when
combined, generate CO:2 gas for 45 minutes. The CO2 gel was applied at home to foot ulcers three times weekly for 1 month with a sterile spatula. The gel
was left in place for 45 minutes and then removed with the spatula. Patients also received oral antibiotics. All ten subjects demonstrated significant clinical
after 4 weeks; however, one patient experienced delayed healing due to atheromatous arterial disease, insufficiency in the great saphenous vein, and Boyd
perforante. These results suggest real clinical benefits of a transcutaneous carboxytherapy gel as an adjunct for treating subjects with small diabetic foot
ulcers. This non-invasive therapy is well-suited for routine home management. A larger, randomized, controlled study is needed to confirm these promising

results.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disease
characterized by hyperglycemia resulting from inadequate insulin
secretion, faulty insulin action, or both [1-3]. DM is a major global
health issue affecting as estimated 382 million people. The global
prevalence of diabetes is growing, and by 2035 an estimated
592 million people will be affected [4]. The long-term effects of
DM may include multiple organ and tissue damage leading to
debilitating health complications including skin ulcerations [5-7].

Carboxytherapy

Carboxytherapy originally referred to the subcutaneous
injection of CO:2 gas to improve microcirculation, increase tissue
oxygen levels, and promote wound-healing. When injected
subcutaneously, CO2 immediately diffuses at the cutaneous and
muscular microcirculatory levels, producing microcirculatory

vasodilatation, and improving blood flow through a direct action
on arteriole smooth muscle cells via the Bohr effect [8]. In response
to increased CO: and decreased pH, there is a right-ward shift of
the oxygen-hemoglobin dissociation curve which enhances the
release of O2 from the blood into the surrounding tissues.

To assess the beneficial effects of transdermal carboxytherapy
for treating diabetic ulcers, the authors initially performed a
prospective clinical study with patients presenting with different
types and sizes of chronic foot ulcers (N=40) [9]. The treatment
protocol included wound cleaning, debridement as needed,
antibiotics, blood sugar control, medication, healthy habits, no
weight-bearing, and subcutaneous injections of CO-. The results
of that study demonstrated that this treatment protocol, including
carboxytherapy, promoted wound healing and prevented
amputation.

Work by other investigators at this time suggested the topical
application of CO: in the form of a hydrogel was beneficial for
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wound healing in animal models [10,11]. In addition, the results
of a clinical study showed that soaking diabetic ulcers in water
saturated with CO: improved circulation and enhanced wound
healing [12]. Another clinical study showed the topical application
of gaseous CO:2 also improved the healing of diabetic ulcers [13].

We became interested in exploring the use of topical CO: for
diabetic ulcers following the recent availability of a novel, topical
carboxytherapy gel (CO:Lift® Carboxy Gel. Lumisque, Inc.;
Weston, FL. USA). The product is provided as two components
which, when combined, generates CO- gas for 45 minutes. The
gel is applied to the lesion, left in place for 45 minutes, and then
removed with the applicator spatula. In contrast to other forms
of topical carboxytherapy, this commercially available product is
well-suited for home use.
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Figure 1: This patient had superficial ulceration limited by
hyperkeratosis (1A). After 4 weeks, the patient achieved complete
healing with residual hyperkeratosis with thick plantar skin (1D).
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Figure 2: The lesions on this patient showed superficial ulceration
and hyperkeratosis, an abnormal thickening of the outermost layer
of the skin (2A). Assessment after 4 weeks showed a budding
wound, suggesting effective wound healing. Indeed, a budding
wound is the sign of optimal recovery of vascularization (2D).

Materials And Methods

The objective of this observational study was to add the
transdermal CO: gel to our current standard of care for treating
small diabetic foot ulcers. Each subject provided written informed
consent and expressed their willingness to adhere to study
requirements. As these patients were undergoing normal care for
their diabetic lesions, no trial registration was deemed necessary
for this preliminary observational report.

Laboratory studies included BUN and creatinine, hemoglobin
A1C, osteomyelitis screening (CRP>10 and ESR>40), hematology
assessment, deep wound bacteriology study and antibiogram,
lower limb ecodoppler vascular multifrequency linear probe, and
radiographs of the foot. Treatment included wound cleaning and
debridement as needed, antibiotics, and blood sugar management.
Patients were provided with a home supply of the CO: gel product
(CO2LIFT®) and detailed written instructions for its use. The
CO:2 gel was applied to foot ulcers at home three times weekly
for 4 weeks.
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Figure 3: Panel 3A shows superficial ulceration next to the
Achilles tendon with complete healing of the lesion (3D) after 4
weeks.

Results

The patients included in this report had small diabetic foot ulcers
with no anaerobic bacterial infections or osteitis (N=10). Patient
ages ranged from 13 to 67 years. Nine had type 2 DM and one had
type 1 DM. Eight were receiving blood sugar control with insulin.
Nonhealing ulcers were located on the external malleolus (n=2),
inner supra malleolus, inner lateral foot (n=2), great toe (n=2),
multiple toes (burn injury), heel, and Achilles tendon. For eight
patients, wound cultures were positive for gram-positive bacteria
including Staphylococcus aureus. Current antibiotic therapies
were fusidic acid 500 mg twice-daily for 4 weeks (n=6) or 2
weeks (n=2), metronidazole 500 mg plus ciprofloxacin 500 mg
daily for 5 weeks (n=1), and metronidazole 500 mg twice daily
plus cefazoline 1 g daily for 5 weeks (n=1). After 4 weeks, most
patients achieved complete or advanced wound healing. In one
patient, a lower-limb doppler echo revealed diffuse atheromatous
arterial disease, insufficiency in the great saphenous vein, and
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Boyd perforante. In this patient, problems associated with
varicose veins delayed healing. There were no treatment-related
adverse events.
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Figure 4: The patient presented with a weeping wound (4A). The
wound was in the process of good healing after 4 weeks (4D).
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Figure 5: The initial superficial ulcer is shown in 5A. Complete
healing with residual hyperkeratosis after 4 weeks is evident (5D).

Discussion

Carboxytherapy owes its therapeutic effects to increasing tissue
oxygen availability and enhancing microcirculation. Increased
oxygen and release of growth factors from blood within the
treatment area stimulates fibroblasts to produce collagen and the
formation of new blood vessels through neovascularization [14].
Prior to the present observational study, the authors investigated
the effects of topical carboxytherapy gel (CO:Lift®) on the
peripheral vasculature [15]. In that study, volunteer subjects
received three weekly applications of CO: gel on an earlobe for
1 month. There was a 43.2% increase in vertical capillaries in
the treated tissue and capillaries showed a mean 26.8% increase
in capillary density and a 27.7% increase in blood flow. These

results were similar to those observed in other studies with
injected CO:2 gas [16].

Diabetic foot ulcers are a common complication in this
patient population [17]. Treatment can be complex, requiring
a multidisciplinary approach, and is not always successful.
Recurrence of ulcers is not uncommon [18]. The objective of the
preliminary study presented here was to further assess the safety
and efficacy of transdermal CO2 gel as an adjunct for treating
small diabetic foot ulcers. Most of these patients demonstrated
significant clinical improvement with the use of antibiotics and
the application of a transdermal CO- gel applied to foot ulcers
three times weekly for 4 weeks. These results compare favorably
with other previous studies demonstrating a beneficial effect
from topical CO: on diabetic ulcer healing [19]. Treatment was
well-tolerated with no reported adverse events. Importantly, we
believe the carboxytherapy product used in the present study is
the only commercially available product suitable for home use.
Further studies of carboxytherapy for the treatment of diabetic
foot ulcers are warranted.

Conclusion

The results of this prospective short-term study demonstrated
real clinical benefit of a transcutaneous carboxytherapy gel for
treating subjects with small diabetic foot ulcers, thereby avoiding
severe complications. This non-invasive carboxytherapy is well-
suited for routine home management of small diabetic foot
ulcers. A larger, randomized, control study is needed to confirm
these promising results.
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