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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
This article presents the results of a study of the qualitative 

and quantitative microflora content of the wound exudate of a 
laparotomy wound complicated by eventration in patients with 
malignant neoplasms of the abdominal cavity. This study aimed 
to investigate the peculiarities of the qualitative and quantitative 
composition of the laparotomy wound microflora in cancer 
patients with postoperative eventation. After all, postoperative 
event is always accompanied by the occurrence of purulent-
septic complications from the laparotomy wound. These 
microbiological features should be taken into account in order 
to timely prevent or treat postoperative event in cancer patients, 
that is, in the appointment of antimicrobial therapy, features 
of purulent wound treatment, etc. We studied 34 patients with 
surgical diseases of the abdominal cavity with postoperative 
eventration. We studied the species content of microorganisms, 
their population level, the index of constancy, the frequency 
of species detection, the index of significance, and the index 
of quantitative dominance. The microbiological spectrum of 
laparotomy wound exudate, in case of postoperative eventration 
in patients with malignant neoplasms of the abdominal cavity, 
is characterized by a probable predominance of the number 
of cultivated strains of the genus Proteus, Pseudomonas 
aeruginosa, the appearance of yeast-like fungi of the genus 
Candida and the absence of S. aureus growth in the early 
stages. There was an increase in the population level of E. coli, 
Pseudomonas aeruginosa, and microorganisms of the genus 
Proteus, with a prevalence of the latter compared to non-cancer 
patients, and a lower number of Staphylococcus aureus colonies. 
The dominant microorganisms of wound exudate are E. coli and 
Enterococcus faecalis; in patients with malignant abdominal 
neoplasms, the highest coefficient of quantitative dominance 
is observed in microorganisms of the genus Proteus. The 
presence of secondary immunodeficiency, cachexia, anaemia, 
etc. in patients with malignant neoplasms of the abdominal 
cavity causes a ‘sluggish’ purulent-inflammatory process in the 
laparotomy wound area in the event of postoperative eventration.

Key words. Microorganisms, eventration, laparotomy wound, 
wound exudate, oncological process.
Introduction.

The problem of eventration still remains extremely relevant, 
since the mortality rate of this postoperative complication does 
not tend to decrease and reaches up to 24%, and according to 
some authors - up to 65% [1-4].

The key role in the development of postoperative eventration 
belongs to purulent and septic complications of the laparotomy 
wound. The incidence of laparotomy wound septicaemia reaches 
a maximum after operations accompanied by a disruption 

of the integrity of the hollow organs, as well as in purulent 
inflammatory diseases of the abdominal cavity [5-9].

It is well known that oncological abdominal pathology 
is associated with secondary immunodeficiency, cachexia, 
anaemia, etc., which certainly affects the rate of regeneration 
and the risk of developing purulent and septic complications 
of the laparotomy wound [10-13]. Postoperative entrapment 
is a postoperative complication that is always accompanied by 
purulent-septic complications of the postoperative wound.

To date, however, there is no clear data on the microbiological 
characteristics of the laparotomy wound in the development of 
eventration, specifically in the case of abdominal cancer.

The study of microbiological features of postoperative 
eventration against the background of malignant abdominal 
neoplasm will allow to better understand the etiopathogenesis 
of this complication and develop effective methods of its 
prevention.

Therefore, the aim of the study was to investigate the 
peculiarities of the qualitative and quantitative microflora 
content of wound exudate of a laparotomy wound complicated 
by eventration in patients with malignant tumours of the 
abdominal cavity. 
Materials and Methods.

To achieve this goal, we studied 34 patients with surgical 
diseases of the abdominal cavity who developed postoperative 
eventration during 8 days of the early postoperative period [14-
16].

The main group consisted of 16 patients with malignant 
neoplasms of the abdominal cavity in the III-IV stages of the 
disease.

The comparison group comprised 18 patients with acute 
surgical non-cancerous pathology of the abdominal cavity.

The distribution of patients, depending on the abdominal 
surgery performed, is presented in Table 1.

Of this number of patients, 19 (55.9%) female and 15 (44.1%) 
male. The average age of the patients was 61.3 ± 2.08 years. 
Both groups of patients were representative in terms of age and 
gender.

All patients received standard antimicrobial therapy 30-40 
minutes before surgery and during the early postoperative period, 
according to clinical protocols. Cephalosporins, carbapenems, 
and fluoroquinolones were used. All patients received standard 
postoperative treatment during their hospital stay, according to 
the protocols for the provision of medical care to patients with 
emergency surgical pathology of the abdomen [17-19].

Biological material was collected on the 3rd - 8th day of the 
early postoperative period for bacteriological examination of 
wound exudate during dressing changes.
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Methods of microbiological research. 
For the qualitative and quantitative assessment of aerobic and 

optional anaerobic pathogens, peritoneal exudate was inoculated 
on Endo medium, thioglycolic medium, yolk agar, anaerobic 
blood agar and cultured at 37°C for seven days. For the 
biochemical identification of gram-negative flora, test systems 
Biomern were used on a Mini Api device (France). Sabouraud 
medium was used to determine the growth of pathogenic fungi.

After incubation, the number of colony-forming units (CFU) 
detected in the test material was counted and presented in decimal 
logarithms (lg CFU). The species content of microorganisms, 
their population level, coefficient of constancy (C%), frequency 
of species detection (Pi), significance coefficient (S), and 
quantitative dominance coefficient (QDC) were studied.
Statistical analysis

The statistical analysis of the results was carried out using 
Microsoft Excel and the PAST statistical processing software 
package. Shapiro-Wilk criteria were used to check the regularity 
of data distribution in the samples. Differences between the 
study groups were determined using the Mann-Whithey criteria. 
The result was considered reliable if the probability coefficient 
was ≤ 0.05, which is generally accepted in biomedical research.
Results.

The growth of E. coli, Enterococcus faecalis, Staphylococcus 
aureus (S. aureus), microorganisms of the genus Proteus 
(P. vulgaris, P. mirabilis, P. morganii) and Pseudomonas 

aeruginosa was found in both experimental groups. Also, in the 
main group, the growth of yeast-like fungi of the genus Candida 
was also noted [20-22].

Analyzing the results of the study of the species content of 
wound exudate, which are presented in Table 2, it should be 
noted that the highest coefficient of constancy and frequency of 
occurrence of the species was in Enterococcus faecalis, in both 
study groups, throughout the observation period.

On day 6-8 of the study, an increase in the number of cultivated 
E. coli strains was observed, with a slight constant prevalence 
of the coefficient of persistence and frequency of occurrence of 
the species in the comparison group, but such dynamics and the 
difference between the two study groups is not significant.

In the comparison group, the number of colonized S. 
aureus strains significantly increased (p<0.05) on days 6-8 of 
observation, in contrast to the main group, where the growth of 
these microorganisms only appears in the specified period. The 
coefficient of persistence and the frequency of occurrence of the 
species in S. aureus, on days 6-8 of the study, in the comparison 
group is higher than in the main group, but this difference is not 
significant.

There was an increase in the number of cultivated strains 
of Proteus on days 6-8 of observation, but this dynamics in 
the comparison group was not significant. The coefficient of 
persistence and the frequency of occurrence of the species in 
the genus Proteus is consistently higher in the main group, but 
this difference is not significant.

Surgery performed Group of patients Abs. %
Comparison Main

Distal gastric resection 6 3 9 26,5
Gastrectomy 1 2 3 8,8
Small intestine resection 3 1 4 11,8
Right hemicolectomy 2 4 6 17,6
Left hemicolectomy 3 2 5 14,7
Hartmann surgery 3 4 7 20,6
Total: 18 16 34 100

Table 1. Distribution of patients in both study groups, depending on the surgical intervention performed, abs. %.

Test Group M/o
Term after surgery, day
3-5 day 6-8 day
s С% Pi s С% Pi

C
om

pa
ris

on
 

n=
18

E. coli 8 44,4 0,24 12 66,7 0,23
Enterococcus faecalis 14 77,8 0,42 17 94,4 0,32
Staphylococcus aureus 4 22,2 0,12 10 55,6 0,19
Strains of Proteus 5 27,8 0,15 8 44,4 0,15
Pseudomonas aeruginosa 2 11,1 0,06 5 27,8 0,1

M
ai

n 
n=

16

E. coli 5 31,3 0,17 9 56,3 0,16
Enterococcus faecalis 12 75,0 0,4 14 87,5 0,25
Staphylococcus aureus - - - 6 37,5 0,11
Strains of Proteus 6 37,5 0,2 11 68,8 0,2
Pseudomonas aeruginosa 4 25,0 0,13 9 56,3 0,16
Yeast-like fungi Candida 3 18,8 0,1 7 43,8 0,13

1. n - number of observations; 2. m/o - microorganisms; 3. s - number of strains cultivated; 4. C% - coefficient of constancy; 5. Pi - frequency of 
occurrence of the species.

Table 2. Species content of laparotomy wound microflora complicated by eventration in oncological pathology of abdominal organs, at different 
follow-up periods, abs. %.



239

In both test groups, on days 6-8 of the study, there was an 
increase in the number of cultivated strains of Pseudomonas 
aeruginosa, but such dynamics is significant only in the main 
group (p<0.05). Also, during the study period, there was a 
significant (p<0.05) predominance of the number of cultivated 
strains, the coefficient of constancy and the frequency of 
occurrence of strains in Pseudomonas aeruginosa in the main 
group.

In the main group, in contrast to the comparison, the growth of 
yeast-like fungi of the genus Candida was observed, the number 
of strains of which significantly increased on days 6-8 of the 
study (p<0.05).

Thus, in case of eventration against the background of 
the oncological process, the predominance of the number 
of cultivated strains of the genus Proteus, Pseudomonas 
aeruginosa, the appearance of growth of yeast-like fungi of the 
genus Candida, as well as the absence of S. aureus growth in the 
early stages is characteristic. 

The results of the study of the population level of wound 
exudate microorganisms presented in Table 3 indicate a 
significant increase in the number of E. coli colonies on days 
6-8 of observation in both test groups. During all the study 
periods, there was an unlikely difference between the two study 
groups of patients [23, 24].

On days 6-8 of observation, there was an increase in the 
population level of Enterococcus faecalis, but such dynamics 
were significant only in the comparison group. The difference 
between the two study groups was not significant during the 
entire study period.

The population level of Staphylococcus aureus in the 

comparison group significantly increased on day 6-8 of 
observation and exceeded that of the main group at this time.

On the 6-8th day of observation, an increase in the population 
level of microorganisms of the genus Proteus was noted, with 
the significant dynamics in the main group. Also, in the above 
terms, the indicators of the main group were significantly higher 
than the comparison group.

There was an increase in the population level of Pseudomonas 
aeruginosa in both test groups on days 6-8 of observation, but 
such dynamics was significant only in the main group. The 
difference between the two study groups during the entire study 
period was not significant.

In the main group, during the entire study period, there was an 
unreliable increase in the number of colonies of yeast-like fungi 
of the genus Candida.

Thus, with the development of eventration in cancer patients, 
a significant increase in the population level of E. coli, m/o 
of the genus Proteus, as well as Pseudomonas aeruginosa, 
with a probable predominance of m/o of the genus Proteus 
and a smaller number of colonies of Staphylococcus aureus, 
compared with non-cancer patients, is noted in the laparotomy 
wound exudate.

From the point of view of describing microbial diversity, it is 
important to determine the quantitative dominance coefficient 
(QDC) of each type of wound exudate microorganism (Table 
4).

The dominant microorganism, according to the determined 
QDC, in both test groups, during the entire study period is E. 
coli, followed by Enterococcus faecalis. In the main group, on 
the 6-8th day of the study, high values of QDC were observed 

Test Group Term after surgery, day
Day 3-5 Day 6-8

Comparison
n=18

E. coli s=6
4,1 ± 0,49 

E. coli s=12
5,3 ± 0,23 p1<0,05

Enterococcus faecalis s=14
3,5 ± 0,19

Enterococcus faecalis s=17
4,5 ± 0,19 p1<0,05

Staphylococcus aureus s=4
2,5 ± 0,29

Staphylococcus aureus s=10
4,3 ± 0,29 p1<0,05

m/o Proteus s=5
2,5 ± 0,26

m/o Proteus s=8
3,2 ± 0,32 p1>0,05

Pseudomonas aeruginosa s=2
2,3 ± 0,35

Pseudomonas aeruginosa s=5
2,8 ± 0,28 p1>0,05

Main
n=16

E. coli s=5
4,2 ± 0,3 p>0,05

E. coli s=9
5,4 ± 0,29 p>0,05; p1<0,05

Enterococcus faecalis s=12
3,2 ± 0,23 p>0,05

Enterococcus faecalis s=14
4,0 ± 0,29 p>0,05; p1>0,05

- Staphylococcus aureus s=6
3,1 ± 0,38 p<0,05

m/o Proteus s=6
2,9 ± 0,31 p>0,05

m/o Proteus s=11
4,1 ± 0,21 p<0,05; p1<0,01

Pseudomonas aeruginosa s=4
2,2 ± 0,17 p>0,05

Pseudomonas aeruginosa s=9
3,4 ± 0,22 p>0,05; p1<0,05

Yeast-like fungi Candida s=3
2,8 ± 0,23 p>0,05

Yeast-like fungi Candida s=7
3,2 ± 0,21 p1>0,05

1. n - number of observations; 2. m/o - microorganisms; 3. s - number of strains cultivated; 4. p - difference between both test groups; 5. p1 - 
difference against the values of the 3-5th day of observation.

Table 3. Population level of microflora of laparotomy wound complicated by eventration in case of oncological pathology of abdominal organs, at 
different observation periods (M±m), lg CFU/cm3.
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for Proteus species, and in the comparison group - for 
Staphylococcus aureus.
Discussion.

Summing up the results of the study, it should be noted that 
in the development of postoperative eventration, the microbial 
spectrum of wound exudate during the first 6 days is represented 
by E. coli, Enterococcus faecalis, S. aureus, m/o of the genus 
Proteus and Pseudomonas aeruginosa, but in the oncological 
process there are certain features - no growth of S. aureus 
and the appearance of growth of yeast-like fungi of the genus 
Candida. In both test groups, the highest frequency of species 
occurrence was in Enterococcus faecalis. The lowest frequency 
of occurrence of the species in the comparison group was in 
Pseudomonas aeruginosa, and in the main group - in yeast-like 
fungi of the genus Candida [25].

The highest coefficient of significance and quantitative 
dominance in both test groups was observed for E. coli. In 
the comparison group, the lowest coefficient of significance 
and quantitative dominance is observed for Pseudomonas 
aeruginosa. In the main group, the lowest coefficient of 
significance is observed for yeast-like fungi of the genus 
Candida, and quantitative dominance - for Pseudomonas 
aeruginosa. 

The difference in the population level of the above-mentioned 
microorganisms between both experimental groups, in the given 
observation period, is insignificant.

During the subsequent observation periods, the microbial 
spectrum in the comparison group did not change, while in 
the main group, an increase in S. aureus was observed. In 
both test groups, the highest frequency of occurrence and the 
coefficient of persistence was also observed for Enterococcus 
faecalis. Pseudomonas aeruginosa had the lowest frequency 
and coefficient of persistence in the comparison group, and S. 
aureus in the main group.

In both test groups, the highest coefficient of significance 
and quantitative dominance was observed for E. coli. In the 
comparison group, the lowest coefficient of significance 
and quantitative dominance was observed for Pseudomonas 

aeruginosa, and in the main group - for S. aureus.
In these terms of the study, a significant difference in the 

population level of microflora between both test groups of S. 
aureus and m/o of the genus Proteus was noted.

The probable dynamics of growth of the population level of 
microorganisms should be mentioned, in the comparison group 
- E. coli, Enterococcus faecalis, S. aureus, and in the main 
group - E. coli and m/o of the genus Proteus.

These microbiological features of the wound exudate in 
case of eventration in patients with malignant neoplasms of 
the abdominal cavity can be explained by the phenomena of 
secondary immunodeficiency, cachexia, anaemia, etc. that 
occurs in the oncological process and causes a ‘sluggish’ 
purulent inflammatory response [26].

This feature should be considered for the purpose of timely 
prevention or treatment of postoperative eventration since this 
category of patients has certain microbiological features of 
purulent-septic complications [27].

As already mentioned, wound infection has always developed. 
According to the results of the study, against the background 
of the oncological process, the predominant number of strains 
of m/o of the genus Proteus, Pseudomonas aeruginosa, and 
the appearance of yeast-like fungi of the genus Candida were 
characterized. Also, in the early stages, the absence of S. 
aureus growth was noted. Purulent-septic complications that 
occur against the background of malignant neoplasms of the 
abdominal cavity, especially in the advanced stages (III-IV 
stages of the oncological process) have certain features, as they 
occur against the background of existing pathological changes 
caused by cancer itself. These are the phenomena of secondary 
immunodeficiency, cachexia, anemia, hypoproteinemia, etc. 
This leads to a hyporesponse of the body to microbial pathogens, 
i.e., the course of the wound process is sluggish, with low 
adhesive (separating) ability. Therefore, S. aureus appears in 
more distant terms, and the wound exudate contains m/o of the 
genus Proteus, Pseudomonas aeruginosa, yeast-like fungi of 
the genus Candida, which is more characteristic of a chronic, 
sluggish purulent-septic process.

Test Group M/o
Term after surgery, day
3-5 6-8 
s CS QDC s CS QDC

C
om

pa
ris

on
 

n=
18

E. coli 6 0,28 137,6 12 0,26 131,8
Enterococcus faecalis 14 0,23 117,4 17 0,22 111,9
Staphylococcus aureus 4 0,17 83,9 10 0,21 107,0
m/o Proteus 5 0,17 83,9 8 0,16 79,6
Pseudomonas aeruginosa 2 0,15 77,2 5 0,14 69,7

M
ai

n 
n=

16

E. coli 5 0,27 137,3 9 0,23 139,5
Enterococcus faecalis 12 0,21 104,6 14 0,17 103,4
Staphylococcus aureus - - - 6 0,13 80,1
m/o Proteus 6 0,19 94,8 11 0,18 105,9
Pseudomonas aeruginosa 4 0,14 71,9 9 0,15 87,9
Yeast-like fungi Candida 3 0,18 91,5 7 0,14 82,7

Table 4. Significance coefficient and quantitative dominance of the microflora of the wound exudate of a laparotomy wound complicated by 
eventration in oncological pathology of the abdominal cavity, at different follow-up periods, abs.

1. n - number of observations; 2. m/o - microorganisms; 3. s - number of strains cultivated; 4. S - significance coefficient; 5. QDC – quantitative 
dominance coefficient.



241

Conclusion.
1. The microbiological spectrum of laparotomy wound exudate, 

in case of postoperative eventration in patients with malignant 
neoplasms of the abdominal cavity, is characterized by a 
probable predominance of the number of strains of the genus 
Proteus, Pseudomonas aeruginosa, the appearance of yeast-
like fungi of the genus Candida and the absence of S. aureus 
growth in the early stages.

2. During the development of postoperative eventration in 
patients with malignant neoplasms of the abdominal cavity, 
a significant increase in the population level of E. coli, 
Pseudomonas aeruginosa, as well as microorganisms of the 
genus Proteus is noted, with a probable predominance of the 
latter, compared to non-cancer patients, and a significantly 
lower number of Staphylococcus aureus colonies.

3. In patients with malignant neoplasms of the abdominal 
cavity in case of postoperative eventration, the dominant 
microorganisms of the wound exudate are E. coli and 
Enterococcus faecalis, but, among other microorganisms, the 
highest coefficient of quantitative dominance is observed in 
microorganisms of the genus Proteus.

4. We did not study the results of treatment in this article. We 
studied the peculiarities of the qualitative and quantitative 
composition of the laparotomy wound microflora in cancer 
patients with postoperative ventilation. In the treatment of 
postoperative enteritis in cancer patients, in addition to 
surgical treatment, it is necessary to take into account this 
microbial spectrum and prescribe appropriate antibiotics, 
taking into account the culture of wound exudate.
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