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Objective: Particular attention is given to the enhancement of melanin-related pigmentation (dark circles, photoaging) and vascular
circles, which are commonly located in the tear trough. The objective of the study is to provide an objective evaluation of the impact of
carboxytherapy and the treatment regimen combining carboxytherapy with lactobionic acid (20%, pH 2.1) or ferulic acid (14%, pH
4.0-5.0) and ascorbic acid (12%) on skin defects in the eye area.

Materials and Methods: A group of 39 Caucasian people were subjected to a series of five carboxytherapy treatments (right eye
area) and five treatments combining carboxytherapy with a selected chemical peel for the skin around the eyes (left eye area). The
efficacy of therapy was assessed based on parameters (MI and EI) measured with the Mexameter probe. Measurements were made in
the tear trough and the middle of the lower eyelid.

Results: We demonstrated that a series of carboxytherapy (right side) significantly statistically influenced the EI parameter (in
different measurement points: P <0.0001, P = 0.015, P = 0.002), which reflects the intensity of vascular circles under the eyes.
Improvement of this parameter by 7.2 units was also shown in the tear trough in 82.1% of participants after the application of
carboxytherapy combined with acids (left side) on the valley of tears for this parameter (EI). Lactobionic acid and carboxytherapy
were associated with a statistically significant improvement (P = 0.011) in the tear trough. In this study, a reduction in the combined
pigmentation (MI plus EI) for both the right and left sides (p = 0.001 and p = 0.015, respectively) was observed.

Conclusion: The study provides objective evidence for the effectiveness of sole carboxytherapy and carboxytherapy combined with
acids in the reduction of dark circles, in particular vascular circles in the tear trough. Lactobionic acid, ferulic acid, and ascorbic acid
can be used as safe supplements to enhance carboxytherapy.
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Introduction

Dark circles under the eyes can be classified into vascular circles, hyperpigmentation, structural/true circles, and others.'
Vascular circles occur in most cases of circles. Vascular circles are a result of genetic factors (the shallow location of blood
vessels), the dilation of blood vessels, and the slowing down of the circulation of blood that is inadequately oxygenated
(hypoxia). The development of pigmented dark circles is attributed to the accumulation of blood pigment (blood extravasa-
tion), specifically hemoglobin, and the resulting products of its enzymatic decomposition in the epidermis and dermis, namely
biliverdin, bilirubin, methemoglobin, and hemosiderin (a protein complex that stores iron in cells). Pigmented dark circles are
also called hyperpigmentation, and they are most often the result of chronic inflammation and are also associated with the
accumulation of melanin in the skin (melanin incontinence, dermal melanophages and perivascular lymphocytic infiltration)

and/or in the epidermis.' '
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The treatment of vascular circles should include procedures that stimulate blood flow and improve the flexibility and strength
of blood vessels. For such skin problems, carboxytherapy is a recommended option. Carbon dioxide administered during
carboxytherapy improves tissue perfusion and is partially responsible for the increase in oxygen concentration due to hyper-
capnia. In the tissue, CO, reacts with H,O molecules to form carbonic acid, which lowers the pH of the tissue. In an acidic
environment, the affinity of haemoglobin for oxygen decreases. During carboxytherapy, the release of oxygen from haemoglobin
to the tissues is increased. Lower blood pH and hyperoxygenation contribute to the release of local growth factors (fibroblast
growth factor, endothelial cell growth factor, vascular endothelial growth factor, and angiogenin), which then stimulate
angiogenesis. When the pH value drops to 6.8 or lower, the permeability of capillary walls increases. In turn, pH values
below 6.5 are associated with enhanced elasticity of collagen fibres in the blood vessel walls and a decrease in their fibrosis and
hardness. Moreover, due to the acceleration of local blood flow, the lumen of already existing capillaries increases as a result of
the reduction of vascular muscle tension and the opening of valves.'* ' The strong flow of intradermal carbon dioxide can also
lead to the remodelling of connective tissue. Carboxytherapy is commonly used to reduce circles around the eyes because there
are a few aesthetic therapies that have long-term effects related to the improvement of microcirculation.'>'!°

Lactobionic or ferulic acid with ascorbic acid combined with carboxytherapy was used in this study to treat the skin around
the left eye. Based on the indications, the acid type was selected. Lactobionic acid has strong moisturizing (hygroscopic)
properties. It acts as an antioxidant and anti-inflammatory substance. It is also an inhibitor of metalloproteinases, and therefore,
it exerts an indirect effect on the dermis and vessels, preventing the formation of vascular changes and wrinkles under the
eyes.? In this study, this acid was used in participants with vascular circles under the eyes. The combination of ferulic acid
with ascorbic acid exerts antioxidative and anti-inflammatory effect, intensifies angiogenesis, accelerates healing, and inhibits
the production of tyrosinase.”' >* Such treatment was used in participants with dark circles under the eyes.

The aim of this study was to assess the effectiveness of a series of carboxytherapy and chemical peels in the reduction
of vascular and pigmented circles in the eye area. An objective assessment of the impact of aesthetic treatments is an
important source of knowledge regarding the methods used, the effects obtained, and possible side effects. The choice of
measure methods allows for an objective assessment of the impact of treatments combining carboxytherapy and chemical
peels on the circles around the eyes, which is innovative since there is hardly any literature data on this topic. Moreover,
few studies on dark circles include the Caucasian race with Fitzpatrick skin phototype II.

Materials and Methods

Materials

The study included a group of 39 Caucasian subjects, aged 25-55 (35 women and 4 men) with II and III skin phototypes according
to Fitzpatrick, who had dark or vascular shadows around the eyes. The study group was divided according to the classification of
circles under the eyes and the individual treatment indication. The recruitment criteria also included the age: 25-55 years. There
was no control group, since the study focused on the comparison of skin states before and after the series of treatments.

The exclusion criteria for carboxytherapy included: failure of organs (renal, heart, respiratory and circulatory)
involved in the metabolism and elimination of CO2 from the body and the disorders such as stroke, pulmonary
embolism, active pulmonary tuberculosis, cerebrovascular events, haemorrhagic diathesis and phlebitis also connective
tissue diseases, diseases of the blood and coagulation system. Active neoplastic diseases and cancers up to 5 years from
the recovery, history of radiotherapy are also contraindicated and active autoimmune diseases. We excluded infectious
diseases, including those caused by anaerobic bacteria, herpes, skin inflammation within the treated area. Also considered
as relative contraindications were: epilepsy, glaucoma, uncontrolled diabetes and hypertension. Carboxytherapy not be
used in individuals treated with anticoagulants, carbonic anhydrase inhibitors, metformin (diabetes), systemic corticos-
teroids, NSAIDs, retinoids and isotretinoin. The procedure was not performed on pregnant or breastfeeding women.
Participants had not previously undergone any other aesthetic medicine treatments around the eyes.

The treatments were performed according to known treatment standards. Study participants were subjected to five
treatments at weekly intervals. They were instructed about home care so that they do not perform any procedures that can
affect the skin state. The participants were informed about possible transient side effects related to the specificity of the
treatments and other possible but unpredictable effects. All individuals from the study group signed an informed consent
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form to participate in this study. They agreed on the procedures, measurement and photographic documentation. The
treatment used has a proven overall beneficial effect on the skin, therefore, all individuals underwent the therapy eagerly.

Patients were informed about the post-procedure procedure and that in connection with the injections, petechiae and
swelling may occur at the injection site, which disappears spontaneously after a short time. All these symptoms constitute
a normal peri-procedural clinical picture and do not require medical intervention, and their intensity is an individual
matter. By following the post-procedure recommendations, the proband is not exposed to long-term complications.
However, as with all procedures affecting the skin, there is a risk of unpredictable reactions. Post-procedure recommen-
dations included the use of cold compresses and a light tapping massage of the treatment area. It was recommended that
immediately after the procedure, for up to 6 hours, one should not perform intensive physical exercise or use cold
(eg swimming pool) or hot baths, sauna or solarium. In order to accelerate the absorption of petechiae that have formed
after the procedure, it is recommended to use ointments and creams for bruises and petechiae, eg with arnica, heparin and
vitamin K. In the absence of any side effects, patients could use their previous home care.

Methods

Carboxytherapy (Criss Carbo, Poland) involves a controlled intradermal injection of purified, sterile, laparoscopic carbon
dioxide (CO,) for therapeutic purposes. Before the procedure, the injection area was disinfected. A disposable, thin 32
G 4 mm needle was inserted at an angle of 15-30°, to a depth of 1 mm. The CO, flow rate was adjusted in manual mode
(from 10 ccs) and its dosage was controlled (from 0.5 ccs). The following flow parameters were used: 10 cc/min and dose
(sum of cc): 3 ccs per eye.”* The treatment of the eye area lasted a few minutes.

The risk of infection was reduced to a minimum through the use of sterile medical gas, a particulate filter at the gas
outlet, sterile tubes and disposable needles. Additionally, before the carboxytherapy procedure, after thorough cleansing
of the skin, a skin disinfectant was applied to the injection area.

Skin temperature was randomly measured with the use of a non-contact infrared thermometer.

Additionally, one out of two superficial chemical peels were applied to the skin area under the left eye, depending on
the diagnosis/indication. The classification (clinical assessment) was performed by the clinicians performing the research.
The circles were divided into vascular and pigmented categories. Initial measurements were taken using the Mexameter
probe (melanin and haemoglobin/erythema index) for validation. Based on clinical observation and pre-procedure
interview/consultation and initial mexametric measurements, which facilitated qualification. Unrecorded measurements
were taken in the lower eyelid area and on the cheek to compare vascular and melanin pigmentation. Combining these
several assessment criteria, we drew conclusions and qualified the circles under the eyes as vascular or pigmented. There
were fewer people in the study who showed signs of pigmented circles under the eyes. Therefore, in the case of mixed
circles, the subjects were classified as pigmented circles.

We used either 20% lactobionic acid with pH 2.1 (application time 10 min) or 14% ferulic acid with pH 4.0-5.0
combined with 12% L-ascorbic acid applied for 5 hours. After 5 h participants were asked to clean the skin and apply
a moisturizing preparation. Ferulic acid with L-ascorbic acid was used for dark/pigment circles and lactobionic acid (20%
pH 2.1) for people with vascular dark circles.

Measurement

The assessment of changes in the level of melanin and haemoglobin in the skin around the eye after a series of carboxytherapy
treatments was made using the Mexameter MX 18 probe connected to the Multi Probe Adapter Courage + Khazaka electronic
GmbH. This device is designed to measure skin properties. The Mexameter MX 18 precisely measures the content of melanin
(melanin index; MI) and haemoglobin (erythema index; EI) in the skin. In our study, this device was used to assess the
effectiveness of carboxytherapy treatments in the reduction of vascular and dark circles around the eyes. The measurement is
based on light absorption. The Mexameter probe emits light of three wavelengths:

e green: A = 568 nm + 3 nm,
e red: A = 660 nm + 3 nm,
e infrared: A = 870 nm £+ 10 nm.
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The Mexameter probe is very sensitive and measures a wide range of melanin and erythema content (0-999), which
enables the recording of even the smallest changes in skin colour. The measurement of erythema is carried out using light
of two wavelengths - one corresponding to the absorption spectrum of haemoglobin, and the other one is selected in such
a way to avoid the influence of other colours, including bilirubin case, which could hinder the differentiation of vascular
and dark/pigment circles under the eyes.

The measurements were made in two places (Figure 1): in the inner area of the eye (so-called tear trough) and the
middle area (in the middle of the distance between the outer and inner corners of the eye) of the lower eyelid of the left
and right eyes.

Subjects have given their written informed consent and that the study protocol was approved by the institute’s
committee on human research. This research project and procedures were approved by the Bioethics Committee of the
Medical University of Lodz (Protocol No RNN/105/22/ KE) and this study complies with the Declaration of Helsinki.

Statistical Analysis

The mean and standard deviation (mean + SD) as well as the median and interquartile range (median (25%; 75%) were
used for the description of the studied parameters. For data showing no temes from normality (according to Shapiro—
Wilk’s test) with equal variances, the standard #-test was utilized to express the differences between groups. In other
cases, the Mann—Whitney U-test was performed. In case of repeated measurements, a paired ¢-test was performed and
Wilcoxon signed-rank test was applied, respectively. P values of less than 0.05 were considered statistically significant.

Results

Various evaluation criteria were used in this study, thus a complex statistical analysis was made. Carboxytherapy alone
performed in the area of the right eye (Tables 1 and 2) significantly decreased the EI parameter, which reflected the
severity of erythema. A reduction by a mean of —3.3 units (improvement in 69.2% of study participants) in the tear
trough of the right eye and by —7.8 units (improvement in 82.1% of the individuals) in the middle area of the eye was
observed. The improvement was also demonstrated on the left side where combined treatment was applied. A decrease of
7.2 in the EI parameter (improvement in 82.1% of individuals, ie, 32 out of 39 participants) in the tear trough area was
reported. However, the effect of the treatment on the MI parameter (melanin level) was statistically insignificant.

The aim of the study was also to evaluate the impact of selected acids on specific skin parameters. Table 3 presents
the changes in skin parameters in subgroups treated with one chemical peel. Lactobionic acid was used in 25 patients. Its
application was associated with a statistically significant improvement in the EI parameter (p= 0.011) in the area of the
tear trough. We also observed the improvement in the MI and the EI following the application of carboxytherapy

Figure | Measurement points.
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Table | The Change in MI/El After a Series of Treatments in the Tear

Trough
Parameter (n=39) Time point
Baseline After treatment
MI — tear trough (right) 130.5+£57.7 122.84£50.9 NS (P=0.061)
Improvement [n] — 25 [64.1%]
Change [% vs baseline] — —29 (-13.3; 5.2)
El — tear trough (right) 394.4£77.0 378.7£77.0 0.015
Improvement [n] — 27 [69.2%]
Change [% vs baseline] — -3.3(-78;0.2)
MI — tear trough (left) 122.5£51.0 114.74£45.9 NS (P=0.066)
Improvement [n] — 24 [61.5%]
Change [% vs baseline] — —2.4 (-11.0; 4.7)
El — tear trough (left) 397.6191.0 365.8+81.3 0.002
Improvement [n] — 32 [82.1%]
Change [% vs baseline] — -7.2 (—-14.5; -0.8)

Note: Bold font indicates statistical significance.

Table 2 The Change in MI/EIl After a Series of Treatments in the Centre of the Lower

Eyelid
Parameter (n=39) Time point p
Baseline | After treatment
MI — the centre of the lower eyelid (right) | 117.8+49.2 111.5£42.2 NS (P=0.181)
Improvement [n] — 27 [69.2%] —
Change [% vs baseline] — —2.8 (-7.0; 1.8) —
El — the centre of the lower eyelid (right) | 347.7+71.7 317.5%76.7 <0.0001
Improvement [n] — 32 [82.1%] —
Change [% vs baseline] — —7.8 (—17.4; -2.5) —
MI — the centre of the lower eyelid (left) 115.8+41.8 111.3+£39.3 NS (P=0.321)
Improvement [n] — 25 [64.1%] —
Change [% vs baseline] — —5.8 (—14.2; 10.8) —
El — the centre of the lower eyelid (left) 344.9£82.1 337.2+80.9 NS (P=0.387)
Improvement [n] — 21 [53.8%] —
Change [% vs baseline] — —0.8 (—13.6; 8.0) —
Note: Bold font indicates statistical significance.
1879
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Table 3 The Effects of Chemical Peels with Carboxytherapy on Assessed Skin Parameters Related to Pigmentary and
Vascular Components of the Dark Circles

Time p
Baseline | After treatment
MI (carboxytherapy + ferulic acid+ ascorbic acid) — tear trough 160.9+49.4 142.5+46.5 NS
(n=14) (n=14) (P=0.093)
MI (carboxytherapy + ferulic acid+ ascorbic acid) — the centre of the eyelid | 147.5+43.1 131.5+43.6 NS
(n=14) (n=14) (P=0.091)
El (carboxytherapy + ferulic acid+ ascorbic acid) — tear trough 462.2+86.9 423.3+63.8 NS
(n=14) (n=14) (P=0.069)
El (carboxytherapy + ferulic acid+ ascorbic acid) — the centre of the eyelid | 405.2+67.2 396.0+£72.5 NS
(n=14) (n=14) (P=0.593)
MI (carboxytherapy + lactobionic acid) — tear trough 101.0+38.3 99.1+38.1 NS
(n=25) (n=25) (P=0.473)
MI (carboxytherapy + lactobionic acid) — the centre of the eyelid 98.0+29.1 99.94£32.2 NS
(n=25) (n=25) (P=0.666)
El (carboxytherapy + lactobionic acid) — tear trough 361.4£72.3 333.7£725 P=0.011
(n=25) (n=25)
El (carboxytherapy + lactobionic acid) — the centre of the eyelid 311.1£70.2 304.3+66.1 NS
(n=25) (n=25) (P=0.511)

Note: Bold font indicates statistical significance.

combined with ferulic acid and ascorbic in the middle eyelid area and tear trough, respectively, however, these changes
were not statistically significant (p=0.091 and p=0.069, respectively).

When both indexes (MI + EI) were analysed together, a statistically significant reduction in pigmentation was
observed in the tear trough and the middle of the eyelid together (both measurements point) both after carboxytherapy
treatments and carboxytherapy - right side with chemical peelings - left side (Table 4).

Side Effects

Since CO, is a physiological gas in the body, its intradermal administration was not associated with any significant
adverse effects, including the occurrence of allergic reactions. Compared to other methods used in aesthetic dermatology

Table 4 Comparative Evaluation of Both Indices Together (MI+ El) from Both
Measurement Points Related to the Summed Pigmentation of the Skin Around
the Eyes on the Right and Left Side (Comparing the Right Side with the Left
Side Before Treatment and After Treatments: Carboxytherapy - Right Side,
Carboxytherapy Plus Chemical Peels - Left Side)

N=39 Time p
Baseline After treatment

MI+EI [Unit] — right side 990.4+221.3 930.4+212.7 P=0.001

Change [% vs baseline] — right side —5.6 (—10.2; —0.8) —

MI+EI [Unit] — left side 980.8+235.0 929.1+217.2 P=0.015

Change [% vs baseline] — left side —3.8 (—10.8; 3.0) —

Note: Bold font indicates statistical significance.
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and cosmetology, this technique is associated with a low risk of complications and does not disturb everyday functioning.
Moreover, in this study, the performed procedure involved a minimal area of the lower eyelids, therefore the symptoms,
sensations and side reactions were limited.

During carboxytherapy, participants experienced a spreading gas sensation beneath the skin, a slight sensation of pain,
pressure, stinging, burning, itching, and tingling at the site of gas injection. The sensations usually lasted about 3 minutes. As
a result of the stimulation of circulation, the temperature in the treated area increased locally by 1° - 1.5 °C for about 10 minutes.
Skin temperature was randomly measured with the use of a non-contact infrared thermometer. In two participants, a small
ecchymosis appeared at the injection site; however, it disappeared about 2-3 days after the procedure. Four individuals
experienced slight swelling in the morning of the day following the treatment. The swelling resolved spontaneously within
two hours from waking up. All these effects are normal clinical peri procedural symptoms which do not require medical
intervention, and their intensity depends on individual predispositions. However, as with all skin procedures, there is always
a risk of unpredictable reactions.

Discussion/Conclusion

Many researchers have assessed the reduction of hyperpigmentation and dark circles under the eyes. There are few
scientific reports concerning the use of carboxytherapy to decrease the visibility of dark circles under the eyes.”!743!
Moreover, the results obtained by other researchers differ from each other and sometimes presented changes are not
statistically significant. These discrepancies may be associated with differences in the number of therapies in a series, the
depth of gas injection, periprocedural care or the intensity of circles around the eyes. The effectiveness of treatments may
also be influenced by other factors, such as age, gender, phases of the menstrual cycle in women, medications taken, and
lifestyle (smoking and exposure to UV). To obtain objective results, we used the Mexameter probe, which measures the
melanin and hemoglobin index separately. The selection of the measuring device enabled the evaluation of the impact of
the studied procedure on both parameters.

The most pronounced statistically significant effects were observed in case of the EI parameter. Hemoglobin values
were found to decrease in three out of four treatment areas. We were found that hemoglobin values decrease in three out
of four treatment areas. Carboxytherapy improves skin microcirculation and, subsequently, promotes the narrowing of the
vessel walls. Carboxytherapy has been demonstrated to stimulate the production of the extracellular matrix. It happens
degradation of old collagen, as well as increase the production of new collagen. Therefore, carboxytherapy also is used in
the treatment of wrinkles and skin laxity around the eyes.”>** Using 3D, morphometric and histological skin analysis,
El-Domyati M. et al showed very good and good improvement in skin texture and pigmentation in the majority of
individuals who underwent 8 sessions of carboxytherapy (left side of the face). However, greater improvement was
observed in the same patients on the right side of the face after 6 sessions of carboxytherapy combined with two CO2
fractional laser treatments. Carboxytherapy alone was associated with the stimulation of collagen production and
improved reorganization of elastic fibres. 3D skin analysis, as well as morphometric and histological analysis, were
performed.>' M. A. Nilforoushzadeh et al found that both carboxytherapy and Nd: YAG laser therapy were effective in
the treatment of dark circles around the eyes, however, carboxytherapy produced more pronounced effects. Skin
lightening and a decrease in the melanin content in the skin around the eyes were observed in the carboxytherapy
group (p <0.0001). In this group, also a significant increase in skin elasticity (p <0.05) was shown. Higher skin elasticity
translates into reduced visibility of skin capillaries and therefore, decreased erythema.”®

Based on the above evidence and our own analysis, we concluded that the thickening of the epidermis and dermis can
reduce the visibility of the circles. A statistically significant decrease in the intensity of the erythema was demonstrated
around the tears trough area of the left (p = 0.002) and right (p = 0.015) eye. Therefore, it can be assumed that
carboxytherapy has a significant effect on the reduction of vascular circles, and the increase in effectiveness
(as evidenced by the higher statistical significance) is influenced by lactobionic acid applied to the skin of the left eye.
After therapy with lactobionic acid, skin examination with the use of confocal microscopy has shown a significant
reduction in the number of telangiectasias as well as a decrease in the lumen of capillaries. The results of the pilot studies
indicate the beneficial effect of lactobionic acid on vascular disorders, including telangiectasia and the regulation of
microcirculation in the skin.*

Clinical, Cosmetic and Investigational Dermatology 2024:17 https: 1881
Dove:


https://www.dovepress.com
https://www.dovepress.com

Kotodziejczak and Rotsztejn Dove

In our study, ferulic acid combined with ascorbic acid were used in participants with dark circles (n = 14), while
lactobionic acid in individuals with vascular circles (n = 25). The greatest statistically significant change from the
baseline values was observed after carboxytherapy combined with the application of lactobionic acid in the tear trough.
In turn, Dayal S. et al demonstrated that the use of 20% glycolic acid or 15% lactic acid or 20% vitamin C reduced the
pigmentation of periorbital melanosis. In their study, four sessions of treatments with glycolic acid or lactic acid were
performed at three-week intervals, while vitamin C was applied topically at night for 12 weeks. The highest efficacy was
demonstrated after the application of glycolic acid, and the lowest in the case of vitamin C.** Zdunska K. et al assessed
the effect of ferulic acid in combination with vitamin C on selected skin parameters, including the intensity of erythema
and skin discoloration using the Mexameter probe. Statistically, significant reduction in pigmentation and erythema (skin
lightening) was observed in case of both acids (p <0.0001).>* In another study, Zdunska K et al demonstrated the
erythema-reducing effect of ferulic acid applied to photoaging skins. The changes in the results obtained with the
Mexameter probe were highly statistically significant. The greatest improvement in erythema was observed one month
after the last treatment (p <0.0001).>

We also combined the effects of carboxytherapy on the MI and the EI parameters in the area of tear trough and the
middle of the eyelid for the right and left eyes separately. Statistically, significant differences in skin colour were found in
the case of right and left eye. Therefore, it can be concluded that both a series of carboxytherapy alone and
carboxytherapy combined with acids prove beneficial and effective in the reduction of periocular hyperpigmentation
of various origins - both vascular and dark circles. The decrease in the EI appears to be more pronounced. The treatment
used in this study improves skin microcirculation and, subsequently, promotes the narrowing of the vessel walls.
Moreover, the thickening of the epidermis and dermis can reduce the visibility of the circles. The acids used in our

Figure 2 Patient 38 years old; the effects of a series of carboxytherapy treatment: on the top - before the treatments; on the bottom - after a series of carboxytherapy (right
eye area) and carboxytherapy combined with ferulic acid and L-ascorbic acid (left eye area). The effect of brightening the intensity of both the tear trough and minor
pigmentation changes around the eyes was observed. It is also indicated to smooth the skin surface, reduce wrinkles that are a symptom of early photoaging of the skin.
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Figure 3 Patient 30 years old; the effects of a series of carboxytherapy treatment: on the top - before the treatments; on the bottom - after a series of carboxytherapy (right
eye area) and carboxytherapy combined with lactobionic acid (left eye area). The effect of reducing the visibility of vascular circles was observed. There is a significant
improvement in smoothing (probably due to hydration) of the surface and wrinkles. A general improvement in skin color can be observed.

study, have slightly exfoliating properties and stimulate the renewal of the epidermis, which could additionally intensify
the effect of skin lightening and reduce the visibility of dark circles.

We decided on an optimal series of 5 carboxytherapy treatments. In other studies, the authors decided on number of
3-7 treatments in a series. Roshdy et al compared the effects of two different types of carbon dioxide flows (30 mL/min
i 60 mL/min) in 40 individuals with dark circles subjected to 6 carboxytherapy treatments. A significant reduction of the
circles under the eyes was observed in both groups.® Also, P. Fioramonti et al demonstrated a 50-60% reduction in the
intensity of circles under the eyes in a study carried out on a group of 90 patients who underwent 7 sessions of
carboxytherapy at 1-week intervals.”> E. Nofal et al showed the reduction in periorbital hyperpigmentation (POH) in
a group of 30 patients who underwent 7 carboxytherapy treatments.”” Eyraud et al conducted a study of the effect of
a series of 3 carboxytherapy performed at weekly intervals on 35 subjects. The effects, based on photo analysis, were
assessed by 3 independent evaluators and the study participants themselves. A statistical (p <0.00001) improvement of
dark circles under the eyes was demonstrated. Moreover, They observed a reduction of superficial and deep wrinkles.'” In
our study, we did not conduct a full analysis of the photographic documentation, focusing only on objectively measurable
effects obtained from research probes. Nevertheless, the effects of the therapy can be seen in the photographs presented
(Figures 2 and 3).

Limitations

The study was conducted on individuals aged between 25 and 55, thus it appears that a more restricted age range would
be more appropriate. The validation process focused on only clinical evaluation and mexametric measurements. It would
be beneficial to use multispectral camera analysis or videocapillaroscopy in order to distinguish vascular circles from
pigmented circles. (not available to researchers). There was no control group. Despite the assumed difference in
effectiveness, the acids turned out to have similar directions and effectiveness in the case of dark circles. We could
choose other acids, eg tranexamic. The study group could be larger.
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Conclusions
Both the series of carboxytherapy alone and its combination with acids proved to be effective in reducing the
pigmentation of the skin around the eyes, the intensity of erythema, especially in case of vascular circles within tear
trough. The objective results of this study confirmed the effectiveness of carboxytherapy in patients with ocular circles.
Lactobionic acid, ferulic acid and ascorbic acid can be used as a safe supplementary therapy which enhances the effects
of carboxytherapy.
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