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Abstract 

Background: To determine the prediction of mortality and to develop a 
mathematical model of abdominal sepsis designed to predict early mortality 
in severe patients, to be able to select patients for individual surgical 
treatment that have ongoing infection and require re-laparotomy. Methods: 
It study was based on data from comparing known severity scores for two 
surgical strategies in 231 patients admitted for sepsis or septic shock. In 
these patients the severity of the condition was assessed at admission and 
after 72 hours in accordance with the objectives of the study, including 
objective laboratory parameters and known severity rating scores. Results: 
One operation was performed in 67.5% of patients; in 20.8% of patients were 
performed re-laparotomy or re-laparoscopy 'on demand'; in 11.7% of 
patients surgical interventions were performed according to the 'program'. It 
well-known scores have shown the ability to predict early mortality: 
APACHE II scores (AUC 0.939) and SOFA (AUC 0.826). But of all patients 
who needed re-laparotomy/re-laparoscopy in 28.1% of the control patients 
identified with these scoring systems had negative results on re-laparotomy, 
although they had good and excellent AUC values for the APACHE II and 
SOFA scores. A mathematical model was developed for the early prediction 
of mortality, taking into account the preliminary values of systolic blood 
pressure (AUC 0.961), perfusion pressure of the abdominal cavity (AUC 
0.893), C-reactive protein level (AUC 0.85) and lactate level (AUC 0.867). The 
results of this comparison in the whole sample gave a high accuracy of 
classification by groups: survivors-90.2%, non-survivors-81%, the overall 
accuracy was 87.6%. Conclusion: The severity scoring systems (APACHE II, 
SOFA), which were used to predict the overall outcome in patients with 
complicated intra-abdominal disease, did not provide an objective basis for 
patient stratification when performing re-debridement of the abdominal 
cavity for abdominal sepsis. A new mathematical model is proposed for 
calculating the probability of postoperative complications and death, 
depending on the initial severity of the patient's condition. There is also a 
need to further develop more specific tools to assist clinicians in the daily 
follow-up and screening of these patients after an initial emergency 
laparotomy. 
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Introduction 

Sepsis, in spate of the progress made in its diagnosis and 

treatment, remains one of the main problems of modern 

medicine, as it is the leading cause of death in patients of 

intensive care units around the world, 
[1,2]

 occurs in 

approximately 1.7 million adults in the United States each year 

and causes the deaths of more than 250,000 of them. 

According to various studies, 30%-50% of all hospitalized 

patients who die from sepsis. Sepsis kills as many patients as 

myocardial infarction. 

However, it is not   known   how   to prevent   death 

associated   with   sepsis,   because    it disproportionately 

affects the body of patients, especially the elderly, who 

have severe comorbidities and functional disorders. 
[3,4]

 

Patients who have experienced sepsis are at risk of physical 

and cognitive impairment, and the risk of death in the next 5 

years is more than twice as high as in other hospitalized 

patients. 
[5,6]

 According to the Centers for Disease Control and 

Prevention, in 2008 alone, $14.6 billion was spent on the 

treatment of hospitalized patients with sepsis in the United 

States, and from 1997 to 2008, the total costs adjusted taking 

into account inflation, the number of hospitalized patients 

with sepsis increased by an average of 11.9% annually. [7] 
  

It is known that sepsis (from the ancient Greek sepsis-rot) is a 

pathological process, which is based on the body's response in 

the form of generalized (systemic) inflammation to infection of 

various natures (bacterial, viral, fungal). Without using this 

term, the Greek physician hippocrates (460-370 BC) was 

probably the first to describe the clinical course of septic 

shock. Participants in the 1991 American college chest 

physicians/society critical care medicine conciliation 

conference, which aimed to identify sepsis based on 

fundamental developments in inflammation, formulated the 

concept of SIRS (Systemic Inflammatory Response 

Syndrome), emphasizing its non-specificity, 
[8-10]

 but the 

criteria of the syndrome itself were published later. 
[11]

 

Currently, a number of new provisions have been formulated, 

the criteria for sepsis and septic shock have been updated, and 

the final version of the document was published in three 

separate articles in the journal “JAMA”. 
[12-14]

 The new 

document was referred to as the “Third international consensus 

on the definition of sepsis and septic shock (sepsis-3)”. 
[15]

 

There is a lot of data in the available literature on diagnosis, 

assessment of patients' severity using different severity scales 

and different biomarkers to predict the course of abdominal 

sepsis, choice of treatment tactics in patients, etc. 

 
However, many researchers agree that despite the 

elucidation of the mechanisms of postoperative 

complications, mortality in the development of septic shock 

remains at a fairly high level and will be able to reach 80%. 

Therefore, the study of early laboratory criteria and 

biomarkers for severity in patients with sepsis is relevant the 

pathophysiological processes of this disease are well 

accepted. It involves not only the complex 

effects of systemic inflammation and immune dysfunction, but 

also acute failure of multiple organ systems in the body. 
[16]

 

The immune response to infective agents may trigger a cascade 

of cytokines, causing cells impairment, organs failure, and 

ultimately result in the coagulopathy, which is significantly 

correlated to the prognosis of sepsis patients. 
[17]

 As the 

condition deteriorates, hypotension and tachycardia can occur 

due to cardiovascular disorders, and often associated with a 

poor prognosis. 
[18]

 

There are still a lot of ambiguity surrounding the risks 

stratification and prognostic evaluations of comprehensive 

indicators for sepsis nowadays. Consequently, it can be of great 

importance for patients with sepsis, as it establishes an accurate 

multi-index system for stratification of patients according to 

the strategy of surgical treatment. 

The severity of infection and reversibility of organ dysfunction 

strongly affect the outcomes of sepsis patients. It has been 

shown that serum levels of lactate and pro-calcitonin, 

Sequential   Organ    Failure Assessment    (SOFA),    and 

Acute Physiology and Chronic Health Evaluation II 

(APACHE II) scores are predictive of fatal outcomes in 

patients with critical illness. 
[19]

 Although in other studies have 

assessed the predictive value of biomarkers [20,21]
  but most of 

these studies have focused only on inflammation or organ 

failure, complex biomarker evaluations have been rare. It 

also current research results were largely controversial 
[22]

 

including studies that assess the diagnostic value of various 

scores of severity in the choice of surgical strategy in the 

treatment of this category of patients. 
[23]

 

The aim of study was to determine the prediction of mortality 

and to develop a mathematical model of abdominal sepsis 

designed to predict early mortality in severe patients, to be able 

to select patients for individual surgical treatment of abdominal 

sepsis that had ongoing infection and require reoperations. 

 

Materials and Methods 

231 adult patients of both sexes, aged 18-70 years, were 

hospitalized for sepsis or septic shock within 24 hours of 

admission to intensive care for sepsis-3 criteria and after 

preparation all patients were operated. Excluded criteria were: 

comorbidity with acute myocardial infarction and stroke; AS 

caused by cancer of the hollow organ; post-resuscitation illness 

due to stopping effective blood circulation; pregnancy; cancer 

in anamnesis, and useless resuscitation status due to refractory 

shock. 

 
All subjects   were   given   initial   surgery   with   effective 

«source control», supporting appropriate antibiotics, 

resuscitation, and organ support therapy using protective 

mechanical ventilation according to the Surviving Sepsis 

Campaign (SSC) 2016 guideline recommendations. All 

patients were divided into two groups: The first group was a 

comparison group (110 patients), who had been on treatment 

from January 2010 to April 2014, and in whom a treatment 

analysis was retrospectively conducted; the second-the main 
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(121 patients), who were treated from May 2014 to December 

2020, and who prospectively studied the effectiveness of the 

proposed surgical approach, the basis of which was a revised 

approach to the implementation of surgery of the abdominal 

cavity, and the vector of the treatment was displaced in favor of 

performing re-laparotomy/re-laparoscopy on-demand if there 

were indications for repeated sanation of the abdominal cavity. 

Evaluation of important results was compared to the use of 

modern systems to determine the predictive criteria for early 

mortality: qSOFA (upon admission to the hospital), APACHE- 

II score, and SOFA score (upon admission to the hospital, and 

72 hours after surgery, as well as during the entire treatment 

period). Patients were evaluated level of endogenous 

intoxication, severity of the condition, Systolic Blood Pressure 

(SBP), Intra-Abdominal Pressure (IAP), Abdominal Perfusion 

Pressure (APP), Charlson Comorbidity Index (CCI), WBC 

count, blood hematocrit, platelets, lactate, Procalcitonin (PCT), 

C-Reactive Protein (СRP), blood creatinine, total bilirubin 

levels. Upon admission of the patients to the hospital a 

mathematical model investigations was developed and it was 

checked of the discriminant function after 72 hours after 

surgery in the course of complex treatment. 

 
Subgroups of patients 

Surgical treatment of the analyzed patients included two main 

components: Control of the source of infection (source control) 

and control of function of the affected organ and systemic 

protective mechanisms (damage control). Taking into account 

the surgical tactics of all patients, it was divided into three 

subgroups: 1 subgroup: 156 (67.5%) patients who underwent 

only one operation during which the source of infection was 

removed and there was no need to perform a re-laparotomy/re- 

laparoscopy; 2 subgroups: 48 (20.8%) patients who underwent 

on demand re-laparotomy (30) or re-laparoscopy (18); 3 

subgroups: 27 (11.7%) patients, managed through surgical 

interventions on the program. 

 
Statistical analyses 

Statistical data processing was performed using the trial 

version of statistica 13.3 EN. Initially, statistical analysis was 

performed using descriptive statistics. Using the Tukey test, the 

presence of emissions was checked and the normality of the 

distributions (Shapiro-Wilkie test) of the selected indicators 

was assessed. Continuous data was presented as me (Q1; Q3), 

where me is the median, Q1 and Q3 is the Interquartile Range 

(IQR). The Spearman correlation coefficient and criterion X
2
 

were used for all patients; the nonparametric Mann-Whitney 

test was used for pairwise comparisons of means in 

independent groups, and the Wilcoxon test was used for 

dependent samples. Zero hypotheses (H0) in statistical tests 

were rejected at a significance level of p>0.05. When 

predicting the outcome of treatment, the greatest accuracy and 

adequacy in terms of a posteriori classification was obtained by 

discriminant analysis. Prediction of treatment was carried out 

not only with the use of multidimensional statistical methods, 

but also with the help of various scores of the severity of the 

condition or disorders of the physiological condition of the 

patient in AS: qSOFA score on admission, APACHE II score 

and SOFA score in the dynamics of treatment. To assess the 

diagnostic significance of the studied scales and biomarkers, an 

ROC analysis was performed: the sensitivity, specificity, and 

area under the ROC curve were determined for each scale and 

each biomarker, and the significance of the differences 

between them was assessed and taking into account its 95% 

confidence interval. The prognostic efficacy of the models was 

assessed by discrimination based on the AUC index. The 

efficacy of the model was considered limited at AUC ≥ 0.70; 

good-at AUC ≥ 0.80; excellent-at AUC ≥ 0.90. 

 

Results 

In each groups, patients were divided according to the severity 

of the condition which was determined by the criteria of 

sepsis-3: 
[15]

 AS was diagnosed in 186 (80.5%), and septic 

shock in 45 (19.5%) patients. 

The results of the distribution of patients by tactical approach 

by severity and mortality are presented in the Table 1. 

 

 Table 1: Demographic, clinical and laboratory characteristics of patients with AS. 

Indicators Before surgery After 72 hours 

Survivors Non-survivors Survivors Non-survivors 

Ages, Me (IQR) 52 (18-70) 51 (23-69) - - 

P=0.133    

Sex     

Male 89 (47.8%) 21 (46.7%)   

Female 97 (52.2%) 24 (53.3%)   

 NA  NA  

CCI , Me (IQR) 1 3 - - 
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WBC count (´109/ l), Me 

(1-4) 

P=0.016 

15.7 

(1-5) 

 

 
 

16.8 

 

 
 

15.6 

 

 
 

24.3 

(IQR)     

 (12.2-17.3) (12.8-22.2) (12.8-24.1) (16.4-28.6) 

 
P=0.000 

 
P=0.000 

 

Platelets (´103/l), Me (IQR) 

(n=231) 

294.5 270.4 254.5 170.6 

 (212.8-322.6) (236.5-309.7) (234.6-281.3) (138.9-210.1) 

 
P=0.056 

 
P=0.000 

 

Hematocrit (%), Me (IQR) 

(n=231) 

38.2 39.1 33.6 39.8 

 (35.8-42.1) (36.4-43.8) (29.4-36.5) (35.4-42.6) 

 
P=0.068 

 
P=0.003 

 

Creatinine (mg/dl), Me (IQR) 

(n=231) 

0.97 0.99 0.93 1.82 

 (0.86-1.109) (0.92-0.114) (0.88-1.101) (1.46-2.21) 

 
P=0.104 

 
P=0.004 

 

Total bilirubin (μmol/l), Me 

(IQR) (n=231) 

24.5 24.4 26.5 57.5 

 (16.8-62.4) (21.2-74.6) (14.5-44.7) (18.3-101.6) 

 
P=0.121 

 
P=0.000 

 

Lactate (mmol/l), Me (IQR) 

(n=95) 

2.1 2.7 2.2 4.9 

 (1.8-2.6) (2.1-6.9) (1.9-4.6) (2.9-7.3) 

 
P=0.000 

 
P=0.000 

 

PCT (pg/ml), Me (IQR) 

(n=84) 

1.825 1.934 2.783 5.245 

 (0.123-72.242) (0.116-82.543) (1.917-86.021) (2.456-154.873) 

 
P=0.358 

 
P=0.000 

 

CRP (mg/l), Me (IQR) (n=76) 143 175 153 204 

 
(121-166) (130-201) (148-176) (160-213) 

 
P=0.000 

 
P=0.000 

 

SBP (mm Hg), Me (IQR) 

(n=231) 

115 85 130 130 

 (90-130) (70-100) (90-155) (90-155) 

 
P=0.000 

 
P=0.000 

 

APP (mm Hg), Me (IQR) 

(n=63) 

70 64 72 62 

 (64-76) (58-70) (64-78) (56-68) 

 
P=0.000 

 
P=0.000 

 

qSOFA score (points), Me 

(IQR) (n=87) 

2 3 - - 

 (1-3) (2-3)   

 
P=0.000 

   

APACHE II score (points), Me 

(IQR) (n=231) 

14 (8-21) 24 (12-28) 11 (4-21) 26 (15-32) 

 P=0.000  P=0.000  

SOFA score (points), Me 

(IQR) (n=231) 

9 12 8 14 

 (7-11) (8-14) (6-11) (9-16) 
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 P=0.000  P=0.000 

Shock 30 (16.1%) 29 (64.4%) NA 

Inotropic support 34 (18.3%) 38 (84.4%) NA 

Ventilation support 12 (6.5%) 45 (100%) NA 

 

 P: Mann-Whitney test; NA: Not Applicable. 
   

 

Understanding the pathophysiological essence of multiple 

dysfunctions of organs in AS as a result of the study showed 

the multifactorial nature of these critical processes that lead to 

damage to the cellular structures of organs and tissues and 

blood lactate will be able to an objective criterion for 

diagnosing of perfusion tissues disorders including in sepsis 

and septic shock. 
[15]

 At the same time, we revealed the 

presence of statistically significant differences according to 

Wilcoxon's and Spearman's criteria for APACHE II score, 

SOFA score, APP and lactate level upon admission of patients 

to the hospital and 78 hours after surgery and intensive care 

[Table 2]. 

 

 Table 2: Statistical data between the studied parameters in patients with AS. 

Indicators Initial data (n=63) Data after 72 hours (n=63) Wilcoxon’s test Spearman's criterion 

APACHE II score, 14 11 W=158.0, z=1.941, p=0.052 r=0.824, p=0.000 

Me (IQR) (8-28) (4-34)   

SOFA score, 11 9 W=126.0, z=1.924, p<0.002 r=0.683, p=0.000 

Me (IQR) (7-14) (6-16)   

APP (ммHg), 68 66 W=382.0, z=4.523, p=0.000 r=0.917, p=0.000 

Me (IQR) (58-70) (56-78)   

Lactate (mmol/l), 2.2 2.7 W= -306.0, z=3.884, p=0.000 r=0.786, p=0.000 

Me (IQR) (1.8-6.9) (1.9-7.3)   

 

The ability of selected scores SOFA and APACHE II scores to 

predict the early mortality in patients with AS according to 

ROC curves analysis was shown in Figures 1-3. It should be 

noted that qSOFA had the optimal cutoff value 2.5 points 

before surgery by criterion survivors/non-survivors (AUC 

0.805, 95% CI 0.699-0.841), APACHE II score had the optimal 

cutoff value 12.5 points (AUC 0.939, 95% CI 0.809-0.945), 

and SOFA score had the optimal cutoff value 11.5 points (AUC 

0.826, 95% CI 0.728-0.841). In 72 hours after surgery, the 

scores APACHE II (AUC 0.985, 95% CI 0.812-1.0) and SOFA 

(AUC 0.957, 95% CI 0.726-0.983) with the optimal cutoff 21.5 

and 11.5 points had a good predictive value for the criterion 

'survivors/non-survivors', respectively [Figure 1]. But of all 

patients requiring re-laparotomy, 28.1% of the control patients 

identified with these scoring systems had negative reoperation 

outcomes although they had good and excellent AUC values 

for the APACHE II and SOFA scores. 
 

 
 

Figure 1: ROC curves of measured values in survivors and 

non-survivors patients with AS: Before surgery and in 72 

hours after surgery. 

 

 

Figure 2: ROC curves of measured values in survivors and 

non-survivors patients with AS: before surgery and in 72 hours 

after surgery. 
 

Figure 3: ROC curves of measured values in survivors and 

non-survivors patients with AS: before surgery and in 72 hours 

after surgery. 
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At the next stage all parameters the changes of which were 

most different in survivors and in non-survivors patients upon 

admission to the clinic were determined: SBP and APP, lactate 

and CRP levels [Table 1]. ROC curves for these values in 

patients on admission are shown in Figures 2 and 3. 

 
These studies have shown that before surgery the most 

pronounced changes were to SPB (AUC 0.961, 95% CI 0.797-

0.988) with optimal cutoff 92.0 mmHg and APP (AUC 

0.893, 95% CI 0.749-0.923) with optimal cutoff 67.0 mmHg. 

The same trend of changes in these parameters was established 

72 hours after surgery with optimal cutoff for SPB 99.0 

mmHg and for APP 63.0 mmHg. Several classifications was 

worse for CRP (AUC 0.867, 95% CI 0.778-0.898) and lactate 

levels (AUC 0.85, 95% CI 0.742-0.881) with optimal cutoff 

161.0 mg/l and 2.25 mmol/l before surgery and 212.0 mg/l (AUC 

0.886) and 2.85 mmol/l (AUC 0.871) after 72 hours, 

respectively. 

An analysis of the matrix of factor structure showing the values 

of the canonical correlation coefficient for the outcome 

predictors and standardized coefficients of the discriminant 

function was held. These analyses of the factor structure has 

showed how the selected indicators correlate with the 

discriminant function and have made to determine the 

contribution of each indicators to discrimination and to divide 

patients into groups and the matrix of factor structure. As can 

be seen from the matrix of factor structure [Table 3], the main 

role in discrimination is played by SBP (-0,555). 

 

 

 Table 3: A factor structure matrix. 

Indicators Value 

SBP, mmHg -0.555 

CRP, mg/L 0.4 

APP, mmHg -0.47 

Lactate, mmol/L 0.51 

 

 Table 4: Standardized coefficients of discriminant function. 

Indicators Value 

SBP, mmHg -0.735 

CRP, mg/L 0.307 

APP, mmHg -0.532 

Lactate, mmol/L 0.426 

 

The contribution of variables to discrimination was measured 

by the value of standardized coefficients for variables in the 

discriminant function. Determination of standardized 

coefficients of the discriminant function showed that SPB 

(-0.735) and APP (-0.532) have played the most major role in 

discrimination and the following were lactate level (0.426) and 

CRP (0.307) and these data by two groups (survivor/non- 

survivor) are presented in Tables 4 and 5. 

 

 Table 5: Characteristic classification function coefficients for patients with AS. 

Variables Non-survivors Survivors 

SBP, mmHg 0.85 1.04 

CRP, mg/L 0.56 0.5 

APP, mmHg 5.96 6.44 

Lactate, mmol/L 20.32 16.83 

Constant -301.9 -335.7 

 

The next step for the patients were calculated the group whose 

qualification function was the highest and thus, the groups 

were predicted in a particular patient on admission to the 

hospital and its are listed below: 

 

 
 

Note: X1: SBP (mm/Hg); X2: CRP (mg/L); X3: APP (mm/ 

Hg); X4: Serum lactate (mmol/L). 
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Since there were only two groups in our classification 

(survivors/non S survivors), the calculations can be 

significantly simplified if we consider not the functions 

themselves but their differences: 

 

 Table 6: A matrix of a posteriori classification. 

Groups of patients Columns-the predicted groups Series-the observed groups 

The percentage of true matching Non-survivors Survivors 

Non-survivors 81% 17 4 

Survivors 90.20% 6 54 

Totally 87.60% 23 58 

 

Verification of the obtained discriminant model was performed 

using a posteriori classification, when it was assumed that the 

outcome of treatment was unknown and it has predicted on the 

basis of the obtained classification functions. Comparing the 

results of forecasting with the results of treatment allowed us to 

assess the adequacy of the discriminant model. The results of 

this comparison in the whole sample (81 patients) gave a high 

accuracy of classification by groups: Survivors: 90.2%, non- 

survivors: 81%, the overall accuracy was 87.6% [Table 6]. 

In the comparison group semi-open re-laparotomy procedures 

were performed on average 3.5 (1-7) for 6 days (1-9), and open 

methods in the amount of 4 (2-7) for 6.5 days (1-12). In the 

main group, re-laparoscopy procedures were performed on 

average 3 (1-5) were performed for 4 days (2-7), and open 

methods of re-laparotomy in the amount of 3 (1-4) for 5 days 

(4-7). These results are presented in Table 7. In Table 8 was 

showed the postoperative complications that caused the death 

of patients: in the comparison group postoperative 

complications (n=67) were occurred in 47 patients (56%) and 

27 patients were died (32.1%); in the main group postoperative 

complications (n=37) were occurred in 34 patients (29.1%) and 

31 patients (26.5%) were died [Table 7]. The main causes of 

mortality among the patients under consideration were the 

following: postoperative multiple organ dysfunction was in 

19.9% (40 patients), persistent AS was in 5% (10 patients), 

intestinal fistulas due to suppuration of the wound and surgery 

was in 1.5% (3 patients), myocardial infarction was in 1% (2 

patients) and pulmonary artery thromboembolism was in 1.5% 

(3 patients). The rest of the complications were managed by 

complex medical measures. 

 

 Table 7: The results of the distribution of subgroups of patients by severity, types of surgery procedures and mortality. 

Subgroups of patients AS Septic shock Died % Totally 

The patients who have 

used closed surgery 

142 14 28 17.9 156 

The patients who have 

used ‘on demand’ re- 

laparotomy/re- 

laparoscopy 

32 16 16 33.3 48 

The patients who have 

used ‘programmed’ re- 

laparotomy/re- 

laparoscopy 

12 15 14 51.9 27 

Totally 186 45 58 25.1 231 

  X2=47.165, P=0.000 

 

 Table 8: Postoperative complications in patients with AS. 

The postoperative complications Comparison group, n=110 Main group, n=121 

Postoperative MODS 26 (23.6%) 14 (11.6%) 

Persistent AS 3 (2.7%) 3 (2.3%) 

Suppuration of the wound and atmospheric intestinal fistula 3 (2.7%) 1 (0.8%) 

Pulmonary artery thromboembolism 1(0.9%) 4(3.3%) 
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Myocardial infarction 1(0.9%) 5(4.1%) 

Other 14(12.7%) 11(9.1%) 

Died 31(28.2%) 27(22.3%) 

 

   X2=8.377, P=0.05   

 

Discussion 

The problem of diagnosis and surgical treatment of abdominal 

sepsis remains relevant due to the preservation of a fairly high 

percentage of unsatisfactory treatment results (from 30.0% to 

50.0%). The search continues for biological markers that may 

be associated with the presence of infection in the body, the 

level of the inflammatory response and sepsis. In addition, 

when studying the epidemiology of sepsis from the perspective 

of the Sepsis-3 criteria, it is important to understand whether 

the new diagnostic concept will lead to a change in the number 

of reported cases of sepsis. Considering that a necessary 

criterion for the diagnosis of sepsis is the mandatory presence 

of organ dysfunction, it is logical to assume that the reported 

incidence will decrease. Nevertheless, in the study by 

Mellhammar, when comparing the incidence of sepsis 

according to the sepsis-1 and sepsis-3 criteria in the same 

population, the following indicators: 687 cases and 780 cases 

per 100 thousand populations, respectively, but the actual 

coincidence of the diagnosis were obtained only in 

approximately 50% of patients. 
[24]

 

The analysis of predictors of early mortality remains relevant, 

especially when it is necessary to perform repeated surgical 

interventions due to the ineffectiveness of the primary surgical 

intervention in the abdominal cavity. We would like to point 

out that multiple studies have explored the association between 

different indicators and prognosis in critically surgical ill 

patients. 
[25-28]

  

In accordance with the current  recommendations of the Sepsis 

Survival Campaign, SOFA should be used as a prognostic 

indicator for detecting sepsis as well as for risk stratification 

of critically ill patients 
[29-31]

 and at the same time, the several 

meta-analyzes have showed that qSOFA, which was 

recommended in the new recommendations sepsis-3, was 

poorly sensitive and moderately specific for the risk of death 
[32]

 or had of moderate predictive value in both septic and non-

septic patients. 
[33]

 Due to the lack of a gold standard for 

determining the diagnosis of sepsis, the most large-scale 

studies are focused on determining the prognostic rather than 

diagnostic significance of various scales and biomarkers in 

patients with infections. 
[34]

 This approach allows one to get 

rid of the influence of one or another dominant diagnostic 

concept and to identify patients with an increased risk of death. 

In two Meta-analyzes published to date it is the predictive 

value of the qSOFA score that has been studied. 
[35,36]

 In a 

study by Maitra, the combined sensitivity and specificity for 

qSOFA ≥ 2 points in predicting death in ICU and out-of-ICU 

patients were 56 (95% CI 47–65%) and 78 (95% CI 71–83%), 

respectively. 
[37]

 A meta-analysis by Song et al, including the 

non-ICU patient population, compared the predictive value 

of the qSOFA score and the SIRS criteria. For the qSOFA 

score and SIRS criteria in the prognosis of death the 

combined sensitivity was 51 (95% CI 39-62%) and 86 

(95% CI 79-92%), specificity: 83 (95% CI 74-89 %) and 29 

(95% CI 17‒45%), respectively. 
[38]

 In our study, it was shown 

that the qSOFA scale has high sensitivity (86.7%), but low 

specificity (67.9%) with an area under the ROC curve of 0.805 

in the diagnosis of abdominal sepsis in a population of patients 

requiring urgent surgery. An optimal combination of sensitivity 

and specificity on the qSOFA scale was obtained for the 

number of point’s ≥ 2, while this model is low-specific, which 

can lead to a large number of false-positive diagnoses and to an 

increase in the aggressiveness of therapy including repeated 

surgical interventions which were done. SOFA and APACHE 

II scores have also showed good and excellent prediction 

results the early mortality in patients with AS when analyzing 

ROC curves. It should be noted that APACHE II score had the 

optimal cutoff value 12.5 points (AUC 0.939, 95% CI 0.809-

0.945) before surgery by criterion survivors/non- survivors, 

and SOFA score had the optimal cutoff value 11.5 points 

(AUC 0.826, 95% CI 0.728-0.841). In 72 hours after surgery, 

the scores APACHE II (AUC 0.985, 95% CI 0.812-1.0) and 

SOFA (AUC 0.957, 95% CI 0.726-0.983) with the optimal 

cutoff 21.5 and 11.5 points had a good predictive value for the 

criterion 'survivors/non-survivors', respectively. But of all 

patients requiring re-laparotomy, 28.1% of the control patients 

identified with these scoring systems had negative reoperation 

outcomes although they had good and excellent AUC values for 

the APACHE II and SOFA scores. 

It is known that many biomarkers, such as lactate, 

procalcitonin and C-reactive protein, are powerful predictors of 

sepsis and adverse outcomes. 
[33,39,40]

 This study has showed 

that only lactate (sensitivity 82.8%, specificity 81.3%, area 

under the ROC curve 0.867 before surgery) and C-reactive 

protein (sensitivity 74.3%, specificity 86.7% area under the 

ROC curve 0.85 preoperative) in assessing systolic blood 

pressure (sensitivity 93.8%, specificity 86.2%, area under the 

ROC curve 0.961 before surgery) and perfusion pressure in the 

abdominal cavity (sensitivity 76%, specificity 88%, area under 

the ROC curve 0.893 before surgery) and showed the 

significance of these indicators for predicting early mortality 

which was confirmed by the definition of standardized 

coefficients of the discriminant function: SPB (0.735), APP 

(0.532), lactate (0.426) and CRP (0.307) levels have made the 

most important contribution to prediction. This have made it 

possible to divide patients into two groups according to the 

“survivors/non-survivors” criterion, and multivariate analysis 

of variance for express diagnostics of early mortality made it 

possible to create a mathematical model with an overall 

accuracy of 87.6%. 
[41]
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It is well known that rapid diagnosis and effective treatment of 

AS are crucial for this category of patients, and it based on the 

etiology, severity, the duration of the delay in diagnosis, 

prognosis, etc. There are three main points in the treatment of 

the patients with AS: 1) The timing of the operation and 

decision-making; 2) Intraoperative findings; 3) Postoperative 

treatment. During the past three decades, there has been 

changed for management of these patients with used two main 

principles such as source control and damage control with 

using the various sophisticated and highly accurate 

noninvasive imaging modalities at surgeon’s disposal. Early 

mortality in these patients, which is usually associated with 

septic shock and MOF due to severe intra-abdominal infection, 

currently remains high enough. In our opinion, the use of early 

diagnosis, the choice of appropriate surgical methods to 

identify and eliminate the source of infection and personalized 

treatment of complications after surgery was factors that 

reduced mortality in patients. This study showed that the 

prognosis of treatment of patients with AS and septic shock is 

the most appropriate for assessment in terms of postoperative 

complications and mortality. The proposed system allows 

predicting the development of complications and mortality. 

The probability of death when using re-laparotomy on the 

program was in 2.3 times higher than when using re- 

laparotomy on demand. 

 

Conclusion 

The severity scoring systems (APACHE II, SOFA), which were 

used to predict the overall outcome in patients with 

complicated intra-abdominal disease, did not provide an 

objective basis for patient stratification when performing re- 

debridement of the abdominal cavity for abdominal sepsis. A 

new mathematical model is proposed for calculating the 

probability of postoperative complications and death, 

depending on the initial severity of the patient's condition. 

There is also a need to further develop more specific tools to 

assist clinicians in the daily follow-up and screening of these 

patients after an initial emergency laparotomy. A new 

mathematical model was proposed for calculating the 

probability of postoperative complications and death, 

depending on the initial severity of the patient's condition. 

There is a need to develop more specific tools to assist 

clinicians in the daily follow-up and screening of these patients 

after initial emergency laparotomy. In patients with AS and 

septic shock, the most appropriate in terms of reducing the 

number of cases of postoperative complications and mortality 

was a tactical approach using re-laparotomy on demand. 
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