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The article offers a view of the outcomes of an integrated approach employed for forecasting and preventing purulent-
destructive diseases of the chest wall (PDDCW) pertaining to cardiothoracic surgery. The data obtained through the 
study point to the high effectiveness of the approach in question while allowing for a lower PDDCW incidence (up to 10 %)  
in patients going through the postoperative period and to shorten the hospitalization period.
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Представлены результаты комплексного подхода в прогнозировании и профилактике гнойно-деструктивных за-
болеваний грудной стенки (ГДЗГС) в кардиоторакальной хирургии. Полученные в исследовании данные показали 
высокую эффективность предложенного подхода, позволяя снизить частоту развития ГДЗГС у пациентов в послео-
перационном периоде до 10 % и сократить сроки госпитализации. 

Ключевые слова: торакальная хирургия, гнойная хирургия, сердечно-сосудистая хирургия, стерномедиастинит, 
остеомиелит, результат

For citation: Andreev D. Yu., Aidemirov A. N. The outcomes of employing a specialized algorithm for forecasting and 
comprehensive prevention of purulent-destructive diseases affecting the chest wall in cardiothoracic surgery. Medical News 
of North Caucasus. 2024;19(2):103-107. DOI – https://doi.org/10.14300/mnnc.2024.19023

Для цитирования: Андреев Д. Ю., Айдемиров А. Н. Результаты применения специализированного алгоритма 
прогнозирования и комплексной профилактики гнойно-деструктивных заболеваний грудной стенки в кардиотора-
кальной хирургии. Медицинский вестник Северного Кавказа. 2024;19(2):103-107. 
DOI – https://doi.org/10.14300/mnnc.2024.19023



104

original research
Surgery

Оригинальные исследования
Хирургия

Purulent-destructive diseases of the chest wall 
(PDDCW) imply a pathological condition of the 
chest wall bone frame, featuring the destruction 

of the bone tissue and bearing signs of affecting 
the surrounding tissues, too [1]. The treatment of 
PDDCW is an essential part of purulent surgery. The 
development of the said condition is associated with 
pus-inducing processes close to vital organs and 
with the destruction of the thoracic skeleton bone 
structure. As a result, the already existing purulent-
inflammatory disease turns into the development of 
a life-threatening condition.

As of today, PDDCW accounts for 1.1 % to 10 % of the 
entire number of cardiothoracic surgeries [2–4]. The fatal 
outcome rate, meanwhile, reaches 30 % [5, 6]. In most 
cases, patients come from specialized surgical in-patient 
wards where extensive and – most frequently – traumatic 
interventions involving the heart and the mediastinum are 
performed [7, 8].

Despite the ongoing effort to modify and improve the 
surgical techniques for chest-related interventions and 
develop whole sets of promising preventive measures, 
the incidence of PDDCW remains high [9, 10].

This study aimed to evaluate a specialized algorithm 
for forecasting and comprehensive prevention of PDDCW 
in cardiothoracic surgery.

Material and Methods. The present study was 
carried out on the premises of the Purulent Surgery 
Department and the Cardiac Surgery Department of 
the Stavropol Regional Clinical Hospital, with both 
somatically healthy and comorbid patients (with two 
or more diseases/syndromes in one patient related to 
each other by a common pathogenetic mechanism or 
coinciding in time involved [11].

The study involved 200 patients scheduled for surgery 
on chest organs, who were divided into two groups. Group 
I (the main group) consisted of 100 patients treated from 
2023 to 2024; they received their forecasting subject 
to the algorithm we had developed and were given 
respective comprehensive preventive measures. Group II 
(the control group) included 100 patients treated between 
2022 and 2023. These patients were given conventional 
preventive measures.

Based on the ICD-10 coding, the following pathologies 
were attributed to PDDCW: «Osteomyelitis» (M86) and 
«Diseases of the mediastinum, not elsewhere classified» 
(J98.5), which is used for sterno-mediastinitis (SM).

The inclusion criteria were age over 18, the patient’s 
consent to join the study, planned chest surgery (possibly 
previous chest surgery), and comorbidity.

The non-inclusion criteria were age under 18, the 
patient’s refusal to join the study, current infectious 
(non-purulent destructive) disease of any etiology and 
localization, and allergic response to the antibacterial 
drugs or skin antiseptic components to be used.

Group I had 68 males and 32 females, whereas the 
sex-based division in Group II was 81 versus 19 males 
and females, respectively. The average age in Group  I 
was 58.7±14.3, the same indicator in Group II being 
60.7±9.9 (p=0.92). The details above show that the two 
groups shared similar characteristics. Figure 1 contains 
the data on the age criteria in both groups (subject to the 
WHO classification).

Employing the analysis of the PDDCW occurrence 
following thoracic and cardiac surgical interventions 

and relying on the data obtained from globally available 
sources [12, 13], we developed a method for PDDCW 
forecasting. The algorithm is a questionnaire (Table 1; 
Certificate of software official registration #2023619221 
of May 05, 2023) [14].

Fig. 1. Age-based distribution

Each item in the questionnaire offered one or more 
answer options, all summed up in a numerical result. The 
results evaluation for possible PDDCW development are 
to be interpreted as follows: 6–9 points  – low risk; 10–
17 points – average risk; 18 points or above – high risk.

We designed a comprehensive prevention structure 
based on the results for possible PDDCW development 
forecasts.

At the preoperative stage, all the patients in Group  I 
underwent a preventive antibiotic procedure with Ce-
fazolin (1 g, intravenously streamed, 1 hour before the 
surgery) [15].

The next stage of preventive measures related to 
PDDCW was treating the operating field. For Group I, 
we used the Sanimed-Express polycomponent skin 
antiseptic (Lysoform-SPb, Russian Federation) triple, 
with a 1-minute exposure between the treatments [16]. 
For Group  II, a complex iodine & polyvinylpyrrolidone 
compound (Povidone-iodine) was used, triple, with a 
30-second exposure between the treatments [17, 18]. 
Throughout the study, the patients had wash-offs taken 
from the operating field before and after the field treat- 
ment.

The wash-off from the operating field was done with 
sterile gauze wipes (5x5 cm) soaked in a neutralizer. After 
sampling, the napkin was placed in tubes containing saline 
solution and glass beads and shaken for 5 minutes. The 
liquid was in-depth seeded in 2 Petri dishes with meat-
peptone agar (0.5 ml each) and in 2 test tubes with 0.5 % 
sugar broth (1 ml each). The cultures were incubated for 
48 hours (temperature – 37 °C).

For intraoperative PDDCW prevention, the patients 
in Group I had their surgical wounds treated with ar-
gonoplasmic coagulation, with scanning movements on 
an ONYX-A 400 W device (Fotek, Russian Federation), 
where the coagulating plasma arc current ≥20A, voltage 
20–35V, working gas – argon [19] was used for the pur-
pose.

At the surgical wound suturing stage, the wound 
surface and edges were rinsed with an antibacterial 
solution of Cefazolin to stop any possible contamination 
of the operating field [20].

ADBAC	–	Alkyldimethylbenzylammonium chloride
BMI	 –	body mass index
CT	 –	computed tomography
DM	 –	diabetes mellitus

IHD	 –	 ischemic heart disease
PDDCW	–	purulent-destructive diseases of the chest wall
SM	 –	sterno-mediastinitis
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Table 1
Algorithm for PDDCW forecast development in cardiothoracic patients «Prognosis sheet for PDDCW  

in patients with thoracic pathology in the surgical department with background information»

Indicators Score

1)	 Age group, subject to the WHO classification (only one option to be selected)

18–44 1

45–59 2

60–74 3

75+ 4

2)	 Gender (only one option to be selected)

Female 1

Male 2

3)	 Body Mass Index (BMI) (only one option to be selected)

<16 (significant deficit) 3

16–18.4 (deficit) 2

18.5–24.9 (standard) 1

25–29.9 (pre-obesity) 1

30–34.9 (obesity, Degree I) 2

35–39.9 (obesity Degree II) 3

>40 (obesity, Degree III) 4

4)	 Type of surgical intervention (only one option to be selected)

Planned 1

Urgent 2

Emergency 3

5) Frequency of surgical intervention on chest (period – calendar year) (only one option to be selected)

Primary 1

Repeated 2

6)	 History of purulent-destructive diseases of chest wall (PDDCW) (only one option to be selected)

no 0

yes 1

7)	 Duration of surgical intervention (only one option to be selected)

Up to 45 min 1

45 min to 90 min 2

Over 90 min 3

8)	 Concomitant pathologies (multiple options are allowed)

• lung diseases (COPD, occupational diseases, previously transmitted infectious and other diseases 
involving lung damage)

1

• metabolic diseases (diabetes mellitus, lipid metabolism disorders, etc.) 1

• blood diseases (anemia, coagulation disorders, etc.) 1

• vascular diseases of extremities (varicose veins, phlebitis, etc.) 1

• diseases of cerebral vessels (stroke) 2

• cardiovascular diseases (coronary heart disease, atherosclerosis, hypertension, etc.) 3

• current oncological issues (treatment to be done at time of surgery) 4

• generalized infections (tuberculosis, HIV infection, etc.) 4

• immunosuppressive conditions 4

9)	 Comorbidity: (only one option to be selected)

No 0

Yes 1

10)	Compensation for concomitant pathology/comorbidity at time of surgery: (only one option to be selected)

yes 0

no 1

Total
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The statistical processing was done using the STA-
TISTICA 10.0 (StatSoft, USA) and Excel 2016 (Microsoft, 
USA) software. To test the null hypothesis concerning the 
homogeneity of patients in the two groups, the differen- 
ces were analyzed based on the Student’s t-criterion and 
the Mann  – Whitney U-criterion for quantitative signs, 
depending on compliance with the respective conditions 
for their application (distribution normality and variance 
equality for the t criterion). The case of p<0.05, the dif-
ferences were considered statistically significant.

Results and Discussion. At the beginning of the 
study, all the patients of Group I underwent the PDDCW 
forecasting procedure employing the questionnaire. 
The average score in Group I was 14.7, indicative of 
the average risk of developing complications within the 
postoperative period. The average score for males was 
14.8±3.2 (min = 9, max = 22), whereas for females it was 
14.4±3.7 (min = 8, max = 26).

During the treatment results evaluation, given the 
use of our prediction algorithm and improved methods 
for PDDCW prevention, 55 cases of complications were 
identified in Group II (55  % of the total number of the 
patients in the group) versus 10 cases in Group I (10 % 
of the total number of the patients in the group), which 
offers a dynamic difference of –81.82  % if compared 
to Group  II. Figure 2 contains a graphic image of the 
situation.

Fig. 2. Number of complications in Group I and Group II

Notable also is that the hospitalization period with 
postoperative complications in Group I was significantly 
shorter (p<0.01) than in Group II (17.9±1.6 and 28.1±2.5 
postoperative days, respectively).

Examination of the wash-offs from the operating 
fields revealed gram-positive and gram-negative 
pathogens. Several cases were found to contain a mixed 
infection; few isolated gram-positive and gram-negative 
pathogens were detected in the cultures taken following 
the treatment due to the pathogens’ high resistance to 

the antiseptic components. Table 2 offers a comparative 
analysis of the outcomes.

Table 2
Operating field treatment comparison outcomes (%)

Operating field 
treatment stage Group I Group II

Statistical 
signifi-
cance

Prior to treatment 76.4±4.2 77.1±8.2 0.058

Following treatment 0.11±0.06 0.9±0.1 <0.01

In the postoperative period, seven days following the 
surgery up until discharge from the hospital, patients 
with a high PDDCW risk (18 points or above, based on 
the algorithm) underwent computed tomography (CT) 
examination focusing on the chest bone skeleton, thus 
aiming to identify any possible bone destruction foci. 
This examination was performed subject to the clinical 
recommendations used for the surgical treatment 
of patients with postoperative mediastinitis and 
osteomyelitis affecting the sternum and the ribs [21].

An analysis of the data reported by Russian and 
international experts suggests the effectiveness of 
employing the forecasting algorithm jointly with improved 
methods for comprehensive prevention of PDDCW in 
patients after they have undergone respective surgical 
chest interventions [22–25].

Upon a comparative assessment of the results 
obtained using the PDDCW forecasting algorithm and 
improved comprehensive prevention, we can safely claim 
that the number of postoperative complications in Group 
I was lower if compared with Group II (Mann – Whitney 
criterion, p<0.0001). A shorter length of hospitalization, 
in turn, leads to lower financial costs of treatment.

A. S. Dyumin and G. G. Khubulava et al. offer 
independent accounts of the need to forecast PDDCW 
after surgical interventions involving the chest [26, 27]. 
M.  M.  Abakumov, in his work, pointed at a high level of 
respective mortality, which can be reduced through the 
developments available nowadays [28].

Conclusion. The algorithm we have developed 
to forecast potential PDDCW occurrence in the 
postoperative period in patients in cardiothoracic surgery 
allows for a reliably accurate generation of preliminary 
data regarding potential complication development and 
makes it possible to assess the risk of such complications.

The study described above serves as proof of the 
fact that the PDDCW prevention strategy employed 
in the group mentioned above of patients ensures a 
reliable qualitative reduction in the rate of postoperative 
complications while offering a dynamic difference 
(–81.2  %), if compared to the approach conventionally 
accepted in cardiothoracic surgery.

Disclosure: The authors herewith declare no conflict of interest.
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