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ABSTRACT:

With the rapid development of medicine (the creation of new medical technologies: medicines, medical equipment, and novel
treatments for various diseases) and limited healthcare resources, it is important to choose the best treatment that would be
not only medically but also cost-effective. This study's primary objective is to evaluate the cost-effectiveness of various treatment
modalities for microbial Eczema in children. To satisfy that objective, a single-center open comparative retrospective/prospective
clinical study is conducted. This survey incorporated pediatric patients (n=108) with microbial Eczema and the disease duration
of more than six months who had been admitted to the Department of Dermatology of the Russian Children's Clinical Hospital.
Based on the study results, it can be concluded that the introduction of CAP (Community-Acquired Pneumonia) into clinical
practice is cost-effective (viable) and can promote the availability of effective modern methods of microbial eczema treatment,
particularly in children.

KEYWORDS: medical technologies, treatment, microbial Eczema, children, modern effective methods.
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RESUMEN:

Conel répido desarrollo de la medicina (la creacién de nuevas tecnologias médicas: medicamentos, equipos médicos y tratamientos
novedosos para diversas enfermedades) y los recursos sanitarios limitados, es importante elegir el mejor tratamiento que sea no
solo desde el punto de vista médico sino también rentable. El objetivo principal de este estudio es evaluar la rentabilidad de
diversas modalidades de tratamiento para el eccema microbiano en nifios. Para satisfacer ese objetivo, se lleva a cabo un estudio
clinico prospectivo / retrospectivo comparativo abierto de un solo centro. Esta encuesta incorporé pacientes pedidtricos (n = 108)
con eccema microbiano y la duracién de la enfermedad de mas de 6 meses que habian sido ingresados en el Departamento de
Dermatologfa del Hospital Clinico Infantil Ruso. Sobre la base de los resultados del estudio, se puede concluir que la introduccién
de la NAC (neumonfa adquirida en la comunidad) en la préictica clinica es rentable (viable) y tiene la capacidad de promover la
disponibilidad de métodos modernos y eficaces de tratamiento del eccema microbiano. particularmente en los nifios.

PALABRAS CLAVE: tecnologias médicas, tratamiento, eccema microbiano, nifios, métodos modernos eficaces.

INTRODUCTION

The assessment of the effectiveness of various treatments includes both the analysis of patient satisfaction and

healthcare service quality and the analysis of treatment safety and financial viability . Over the past years,
much attention has been paid to the economic analysis of different methods and technologies in medicine .

Microbial Eczema (ME) has a chronic relapsing course and is often accompanied by antibiotic resistance

and fungal infections ", which necessitates the development of new methods (strategies) of ME treatment
9,10

Thereby, our study aimed to perform a clinical and economic evaluation of a new treatment for children
with ME in comparison with alternative treatment options. We hypothesized that the addition of cold
atmospheric plasma to conventional treatment approaches would be cost-effective. To achieve the aim of
the study, we fulfilled the following tasks:

- assessed the direct medical costs in a cohort of children with ME treated with alternative treatment
methods;

- performed clinical and economic evaluation of alternative treatment strategies for ME in a pediatric
cohort;

- performed a budget impact analysis of alternative treatment strategies.

MATERIALS AND METHODS

An assessment of the economic impact of a new treatment method involving the use of cold atmospheric
plasma (CAP) in the management of children with ME was based on the results of a single-center open
comparative retrospective/prospective clinical study. The Local Ethics Committee approved the clinical
study of the Russian Children's Clinical Hospital of the N.I. Pirogov Russian National Research Medical
University and the Scientific Council of the N.I. Pirogov Russian National Research Medical University.

The study included pediatric patients (n=108) with microbial Eczema and the discase duration of more
than six months who had been admitted to the Department of Dermatology of the Russian Children's
Clinical Hospital. The inclusion criteria were as follows: an established diagnosis of ME; the absence of atopic
dermatitis and/or atopic asthma; no less than two relapses within a year; written informed consent from the
patients' parents for the participation in the study and for the use of personal data in scientific publications
(Table 1).

Table 1. The characteristics of patients with microbial Eczema enrolled in the study.
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TABLE 1
The characteristics of patients with microbial Eczema enrolled in the study

- Group

& characteristic 1 S 3
The nurmber of patients; M : F Z041:1 493461 289321
The median age (min - max), years 7il-13) E(l-12) 7il-12)
lggr;iurauon of illness prior to enrollment M-y, 19408 55409 55409
The average number of relapses per year 5 5 =)
The extent of involvement
The nurmber of patients with the involvernent of the

. . 2 = [
skin of the extremities
The nurmber of patients with the involvernent of the 15 59 o8
skin of the extremities and the trunk
The nurmber of patients with the involvernent of the 2 5 -
skin of the extrermuties, the trunk and the face

A retrospective group (Group 1 and a part of Group 2) included 20 patients aged between 1 and 13 years
(the median age was nine years old) who had been treated at the Russian Children's Clinical Hospital in
2016 - 2017 and had been given topical treatment with hydrocortisone in combination with antibiotics
(hydrocortisone + neomycin + natamycin; Trade name: Pimafucort.) together with a first-generation
antihistamine drug (Suprastin at an age-adjusted dose) over 14 days — a standard treatment (Strategy 1)
and ten patients aged between 1 and 13 years (the median age was seven years old) who had been treated
at the Russian Children's Clinical Hospital in 2016 - 2017 and had been given the standard treatment in
combination with laser therapy (transcutaneous laser blood irradiation with low-level helium-neon laser
No.5) (Strategy 2).

In the prospective part of the study, the patients were randomized to two treatment groups in a
1:1 ratio. Group 2 patients (n=39) received the standard treatment in combination with laser therapy
(transcutancous laser blood irradiation with low-level helium-neon laser No. 5) (Strategy 2). Transcutaneous
laser blood irradiation with low-level helium-neon laser (laser intensity: 1 mW/cm., wavelength: 633
nm) was carried out at the Department of Cryo- and Laser Surgery of the Russian Children's Clinical
Hospital (headed by LN. Kuzetchenko). Group 3 patients (n=39) were given the standard treatment
and cold atmospheric plasma (CAP) treatment (5 procedures) (Strategy 3). As a CAP source, HELIOS
device (PLAZMA Scientific Production Center, Russia; Roszdravnadzor license No. P3H 2016/4374) was
employed. Microbial eczema lesions were exposed to the plasma jet (externally, without contact with the
skin) generated by gas with a flow rate of 1.5 L/min on the rotameter scale; the plasma jet intensity was 70%.
The exposure time was 2 minutes per square centimeter.

The patients were followed up for a year, which enabled us to analyze the rate of ME relapses in each group.

The effectiveness of treatment was evaluated by the time for the resolution of skin inflammation and the
number of relapses during a 1-year follow-up (a relapse therapy was the same as that previously used in the
study).

The severity of microbial Eczema was assessed using Microbial Eczema Severity Index (MESI), where mild
is defined as # 15 points, moderate as 16 to 25 points, and severe as 26 points or more '*

Itch intensity was assessed using the following categories: 0 points for no itch, 1 point for the low itch, 2
points for the mild itch, 3 points for the moderate itch, and 4 points for severe itch 12-16

The effectiveness of ME treatment was measured using the following clinical criteria: clinical recovery - the
total clearance of ME skin symptoms; significant improvement - the clearance of the majority of lesions, the
disappearance of pustules, 4-fold improvement of the MESI scores; improvement - slow positive changes, 2-
fold improvement of the MESI scores; no response - no changes in skin symptoms.
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We also analyzed the number of relapses that occurred during a 1-year follow-up (a relapse therapy was
the same as that previously used in the study). The number and intensity of adverse events assessed the safety
of the therapy.

The mathematical computations were performed on a personal computer with Microsoft Office
Professional Plus 2019. The calculations of descriptive statistics and the comparison of groups were
performed using SPSS Statistics 20.0 (IBM Corporation, USA).

Descriptive statistics. Categorical variables were presented as frequencies (percentages). The median and
the interquartile range were used to characterize continuous variables (for non-normal distribution). The
normality of distribution was tested using the Shapiro-Wilk test. We used the Mann-Whitney U-test
(when comparing 2 groups) and the Kruskal-Wallis test (when comparing 3 and more groups) to compare
independent samples of ordinal and continuous data.

Depending on the shapes of distributions, we used various types of statistical tests (parametric and non-
parametric ones) because of significant fluctuations in the values of ordered samples which are typical of
biological objects. For normally distributed variables, parametric tests are usually more precise than non-
parametric tests. The .-test was used to detect differences between the means of two samples.

The groups were comparable for sex, age, the duration and number of ME relapses, the severity of skin
involvement, and itch intensity. The results of the retrospective/prospective study showed a significant
difference between study groups receiving the standard treatment in combination with CAP, standard
treatment only, and standard treatment in combination with laser therapy (Table 2):

In Group 1, only 5% of the patients achieved a total ME resolution; a significant improvement was
observed in 30% of cases. In Group 2, 6% of the children achieved a total ME resolution; a significant
improvement was observed in 74% of patients. In Group 3, 67% of the patients achieved a total ME
resolution; a significant improvement was observed in the remaining children (33%).

The mean time to next ME relapse was 2.5 months, four months and eight months in Group 1, Group 2,
and Group 3, respectively. The patients from Group 2 and Group 3 had no adverse events.

The mean duration of hospital stay for patients with moderate/severe ME was 14.5 bed-days, 11 bed-days,
and 6 bed-days in Group 1, Group 2, and Group 3, respectively.

For subsequent clinical and economic analysis as well as a budget impact analysis, we developed an
analytical model using MS Ofhice Excel 2019. In our calculations, we took into account only direct medical
costs: drug treatment costs, accompanying costs related to the management of the patients (consumable
materials, laboratory diagnostic tests), the costs of laser therapy and CAP procedures.

The calculation of medical costs was performed in full compliance with the Order of the Ministry
of Healthcare of the Russian Federation dated 29 December 2012 No.1631x1 "On the Approval of
the Procedure of Price Setting for Medical Services Provided by Public Medical Institutions under the
supervision of the Ministry of Healthcare of the Russian Federation" (registered in the Ministry of Justice of
the Russian Federation on 18 April 2013 under No0.281186). The costs of other procedures correspond to
the Russian Children's Clinical Hospital of the N.I. Pirogov Russian National Research Medical University
as of 1 May 2021. The cost of therapy per day for one patient with ME was as follows:

- Strategy 1: 11 855.11 rubles;

- Strategy 2: 12 536.44 rubles;

- Strategy 3: 14 315.88 rubles.

Direct medical costs of each Strategy with respect to the duration of treatment are provided in Table 3.

Table 2. The results of different treatment strategies for microbial Eczema
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TABLE 2
The results of different treatment strategies for microbial Eczema

Clinical outcomes

Treatment strate,

Strategy 1 @=20) Strategy 2 @=49)

Strategy 3 (n=39)

4

Test

the skin

Total resolution of the inflammatory process in

51 613

67/26

<0.001 1j2: <0.001 1/3: <0
001 2/3: <0.001

the Kruskal-Wallis test _Pairwise comparisons: the

Mann-Whitney Utest

process in the skin

of the

v 25/5 74/38

33/13

<0.001 1/2: <0.001 1{3: <0,
001 2/3 <0.001

the Kruskal-Wallis test Pairwise comparisons: the
Mann-Whitney test

skin

Improverment of the inflammatory process in the

70114 2010 -

<0.001 1/2 <0.001 13 <0
001 2/3 <0.001

the Kruskal-Wallis test Pairwise comparisons: the
Mann-Whitney Uitest

The duration of hospital stay, bed-days (Me, 95%
<

145[14.0,15.0] 11.0[10.0,12.0]

60[6.0,6.0]

<0.05

the Kruskal-Wallis test Pairwise Comparisons: the
Mann-Whitney Utest

Tirne to relapse, months (Me, 95% CI)

2.5[2.0,3.0] 4.0[4.0,50]

80[7.0,90]

<0.001 1j2: <0.001 1/3: <0
001 23 <0.001

the Kruskal-Wallis test _Pairwise comparisons: the
Mann-Whitney Utest

95% <y

The nurmber of relapses in the following year (Me,

5.0[4.0,6.0] 3.0[20,30]

10[1.0,1.0]

<0.001 1j2 <0.001 1{3: <0,
001 2/3: <0.001

‘the Kruskal-wallis test _Pairwise COmparisons: the
Mann-Whitney Utest

TABLE 2
Direct medical costs of alternative treatment strategies for the management of microbial
Eczema in children admitted to a 24-hour inpatient facility, per 1 patient, rubles

Type of costs Direct rmmedical costs, rubles
Strategy 1 | Strategy 2 | Strategy 3

Drug treatrment costs (standard treatrment) |41 09541 |28 71022 |17 451.30

Costs per day 218473

The duration of treatment 145 | 11 | 5.0

Costs of Al grostic tests 253000

Costs of consurnable materials 2 487.55 124134 37722

Cogtg per day 17038 121.70 s0.85

The duration of haspital stay 14.6 10.6 6.2

Costs of medical interventions: - 3500 12 700

Number of procedures - 5 5

Cost of a procedure - 700 2540

Direct medical costs in total 311256 |42 981.56 |40 058.58

Table 4 provides information on the total costs of treatment in the cohort of patients included in the study

depending on the treatment strategy and taking into account the distribution of the patients according to
clinical outcome.

TABLE 4
Direct medical costs of alternative treatment strategies for the management of microbial

Eczema in children admitted to a 24-hour inpatient facility, per 1 patient, rubles.

Type of costs Direct mmedical costs, rubles
Strategy 1 [ Strategy 2 [ Strategy 2
Direct mnedical costs calculated per patient, rubles 5311256 |42 981.56 [40 0S58.58
Mumber of patients in the group 20 43 33
MNurmber of patients who achieved the following outcomes
Total resclution of the inflammatory process in the skin 1 3 26
Significant improvernent of the inflamumatory process in the skin |5 35 13
Improvermnent of the inflammatory process in the skin 14 11 -
Total costs per patients: 1062251 (2136 489 |1 901 658
Total resolution of the inflammatory process in the skin 53113 158 338 1380 827
Sgnificant improvement of the imflammalory process in the skin | 265 563 1504 35354 [ 520762
Improvement of the inflammatory process in the skin 743 576 472 797 -
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Takinginto account greater clinical effectiveness and higher costs of medical interventions in case of using
a new treatment method compared to the standard treatment in a subgroup of patients, we used a cost-
effectiveness method in our clinical and economic analysis.

The cost-effectiveness analysis allows for a comparative assessment of medical technologies with different
clinical efficacy and cost. The results of this analysis show the cost per unit of clinical outcome. Cost and
effectiveness measures were calculated using a generally accepted method.

The cost-effectiveness ratio was calculated using the following formula .

CER = Cost/Ef

Where CER is the cost-effectiveness ratio;

Cost is the cost of pharmacotherapy per 1 patient for the i-th treatment strategy, in rubles;

Efis the effectiveness of the i-th treatment strategy.

In a subgroup of patients demonstrating significant improvement of the inflammatory process in the skin,
the standard treatment combined with CAP dominates. It shows more effectiveness but requires lower costs
than the standard treatment combined with laser therapy.

In order to assess the economic viability of the CAP method, we also carried out a budget impact analysis.
This analysis allows us to compare the budget costs before and after introducing new technology (or a
combination of technologies) for a specific disease. Using this treatment method demonstrates possible
changes in the budget costs, allowing us to assess the acceptability of these changes for the budget and the
consequences for health system financing.

While carrying out the budget impact analysis, we also assumed that the patients were treated in inpatient
settings. We considered the changes in the budget holder costs in case of relapse and re-hospitalization of
patients. According to the clinical study data (which we used as a basis for economic feasibility analysis), the
time horizon of the study was 14.6 days, 11 days, and 6.2 days from the initiation of treatment for Strategy 1,
Strategy 2 and Strategy 3, respectively. The calculations were made in a hypothetical cohort of 100 patients.
While carrying out the budget impact analysis, we considered different ratios of the numbers of children
with ME (Table 5).

Table 5. The ratio of the numbers of patients in whom alternative medical technologies were applied for
the treatment of microbial Eczema in children.

TABLE 5
The ratio of the numbers of patients in whom alternative medical

technologies were applied for the treatment of microbial Eczema in children.

Different ratios of the number of patients with microbial Eczermna receiving
Treatment strategies | treafment

Wariant 1 “ariant 2 “ariant 3 Yariant 4 Wariant s Wariant &
Strategy 1 S0% 40% 30% 20% 10% 0
Strategy 2 S0% 40% S0% 20% 10% 0
Strategy 3 0 20% 40% E0% B0% 100%

In order to assess the stability of the obtained results with respect to the change of the initial parameters,
we carried out a sensitivity analysis: the evaluation of economic consequences with comparable treatment
costs amounting to 53 112.56 rubles.

While carrying out the budget impact analysis, the following assumptions were made:

- in case of relapse and re-hospitalization, all patients are prescribed treatment corresponding to the
strategy applied at the previous stage of their treatment.

The study's time horizon was one year starting from the moment of the patients’ discharge from an in-
patient facility, where they received treatment according to the three regimens.
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RESULTS AND DISCUSSION

The results of our clinical study showed the advantages in the effectiveness of CAP in combination with the
standard treatment as regards the rate of total and significant resolution of the inflammatory processes in the
skin and, as a consequence, the duration of treatment in a 24-hour in-patient facility. In comparison with
the standard treatment, the cost of 1 day of treatment in a 24-hour in-patient facility was 14 315.58 rubles,
which is 651.32 rubles higher than the sum for the standard treatment combined with laser therapy and
2430.47 rubles higher compared to the sum for the standard treatment alone. The obtained results showed
that total costs of medical care provided for children with ME in an-inpatient setting treated with various
strategies calculated per 1 patient were as follows:

- in case of the standard treatment (Strategy 1) — 53 112.56 rubles.

- in case of the standard treatment combined with laser therapy (Strategy 2) — 42 981.56 rubles.

- in case of the standard treatment combined with CAP (Strategy 3) — 40 058.58 rubles.

The clinical and economic assessment results of the alternative strategy for microbial eczema treatment in
children are presented in Table 6.

TABLE 6
The cost-effectiveness ratio for different strategies for microbial eczema treatment in children

Pararmeters Treatmernt sCenarios

Strategy 1 Strategy 2 Strategy 3
Treatment COSts per patient 53113 42 982 40053
Clinical response rate, %
Total resolution of the inflamrmatory process in the skin =) = &7
Significant improverment of the inflarmrmatory process in the skin | 25 51 33
Improvernent of the inflanmatory process in the skin 70 43
Cost-effectiveness ratio (ZER)
Total resolution of the inflammatory process in the skin 1062 251.24 | 716 359.26 |59 758,92
Significant improverment of the inflammatory process in the skin | 212 450.25 54 27756 |121 38963
Improvement of the inflamrmatory process in the skin 75 87509 98995711

The obtained results showed that the costs per effectively treated patient who achieved total resolution of
the inflammatory process in the skin were as follows: 1 062.25 thsd (Strategy 1), 716.35 thsd (Strategy 2),
and 59.79 thsd (Strategy 3). In comparison with the standard treatment, the cost-effectiveness ratio is also
lower when using combined treatment: 84.28 thsd (in combination with standard therapy and laser therapy)
and 121.38 thsd (in combination with standard therapy and CAP).

The sensitivity analysis results assessing the impact of changes in the treatment costs on the obtained results
are presented in Table 7.
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TABLE 7
The results of the sensitivity analysis of the costs for
alternative treatment strategies of microbial Eczema.

Treatrrient scenarios
Parameters strategy Strategy | Strategy
1 2 3

=311z 53113 2112

Treatment costs per 1 patient,
rub.

Clinical response rate, %
Total resclution of the
inflamrmatory process in the = = E7
skin, %

Significant improvernent of the
inflamrmatory process in the 25 51 33
skin

Improvernent of the
inflarmmatory process in the 70 43
skin

The cost- effectiveness

ratio (CER)

in the group of patients with

tatal resolution of the 1082 S85 79
inflammatory process in the 251.24 209.37 27248
skin, %

in the group of patients with

significant improverment of the | 212 104 160
inflarmmatory process in the 450.25 142 28 947 16
skin

in the group of patients with

improvernent of the 75 123

inflarmmatory process in the 875.09 517.59

skin

Considering the comparable cost of alternative treatment options, the use of CAP remains cost-effective.
The budget impact analysis results also showed the cost-effectiveness of using CAP for ME treatment in

children (Table 8).
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TABLE 8
The introduction of a new medical technology into clinical practice: the budget impact analysis results

FParameters Treqtment vanants - - - - -
Wariant 1 Wariant 2 Variant 3 Variant 4 Wariant 5 Wariant 8

Costs per 1 patient, rubles

Strategy 1 5311256

Strategy 2 42 981.56

Strategy 3 40 058,58

The size of a hypothetical 100

cohort

The frequency of use of

alternative treatrmnert

strategies

Strategy 1 0.5 0.4 0.3 02 01

Strategy 2 05 0.4 0.3 0.2 0.1

Strategy 3 0 0.2 0.4 0.6 0.8 1

MNurnber of patients receiving

treatment

Strategy 1 S0 40 30 20 10 0

Strategy 2 50 40 30 20 10 0

Strategy 3 8] 20 40 60 30 100

Costs of treatment in a

hypothetical cohort

Strategy 1 2E55628.11 212450249 1595 376.37 106225124 S31 12562 0.00

Strategy 2 2149 077.77 171926222 1 289 446.66 859 631.11 429 81555 0.00

Strategy 3 0.00 80117155 180234310 2403514 64 3204 656.19 4005 857.74

Total costs, rubles 4504 705.88 4644 936 25 4 455 166.62 4 325 397.00 4 165 B27.37 4005 857.74

The obtained results showed that the introduction of CPA into routine clinical practice would not
increase treatment costs. Even in the case of a 100% transition to new technology, the treatment costs are
lower compared to the use of the standard treatment alone and the standard treatment combined with laser
therapy.

Thus, the present study results showed the clinical and economic advantages of a new medical strategy - a
combination of CAP with the standard treatment. The introduction of CAP into clinical practice allows to
reduce the recurrence rate by 65.52% in comparison with the standard treatment and by 27.29% compared
to the standard treatment in combination with laser therapy. Even though the introduction of CAP into
clinical practice leads to an increase in the cost of one day of treatment, the use of CAP in routine practice
will not lead to an increase in the costs due to the reduction in the length of stay. The cost-effectiveness ratio
in the group of patients treated with CAP who showed total resolution of inflammatory skin processes is
lower than in the group of patients receiving standard therapy and the group of patients receiving standard
therapy combined with laser therapy: 59.79 vs 1 062.25 thsd and 716.35 thsd, respectively. In the group of
patients with the inflammatory processes in the skin who achieved significant improvement, the standard
treatment combined with CAP is superior to the standard treatment alone: 84.28 thsd and 121.38 thsd,
respectively. The results of the clinical and economic assessment are stable to the changes in the costs of
alternative treatment options: with a comparable cost of treatment using alternative therapy scenarios, the
standard treatment combined with CAP dominates.

CONCLUSION

The results of budget impact analysis also showed the cost-effectiveness of CAP. Even a complete replacement
of traditional treatment methods with a complete transition to new technology does not increase the costs of
medical care. The results of the sensitivity analysis confirmed the reliability of the obtained data. Based on the
results obtained, we can conclude that the introduction of CAP into clinical practice is cost-effective (viable)
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and can increase the availability of effective modern methods of microbial eczema treatment in children,
which do not require high additional costs.

Ethical approval and consent to participation: patients' parents or legal guardians gave their informed
consent for the inclusion of their child into the study, anonymized processing of their personal data and
publication of materials.

Financing: The authors received no financial support for the research and preparation of the manuscript
for publication.

Conflict of interest: The authors declare that there is no conflict of interest.
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