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Abstract
Background: An urgent task is to determine the prognosis of mortality in patients with complicated intra-abdominal infection at the
stages of their complex treatment in the context of emergency abdominal surgery.

Methods: This study was based on data comparing severity indicators in 255 patients of both sexes, aged 18 to 70 years, who were
operated on for secondary peritonitis in the same surgical hospital.

Results: By the criteria of Sepsis-3 patients without sepsis were 119 (46.7%), with abdominal sepsis was diagnosed in 110 (43.1%),

and septic shock was diagnosed in 26 (10.2%). The main finding of this study is that increased leukocyte, lactate, C-reactive protein
levels and decreased systolic blood pressure, abdominal perfusion pressure 72 hours postoperatively were predictive factors for

patients. It was shown that there was a strong negative relationship between intra-abdominal pressure and abdominal perfusion
pressure (r = − 0.83, p = 0.000), a positive correlation between the surgical approach (r = 0.88; p = 0.000) and these increases of pres-

sure values were correlated with the deterioration of the patients' condition according to the APACHE II and SOFA scores severity. It
was also confirmed that the risk of developing abdominal compartment syndrome statistically significantly (p = 0.000) increases in

the presence of intestinal paresis (odd ratio = 3.3, 95% CI 1.5-3.9), the numbers of re-laparotomies (odd ratio = 7.84, 95% CI 4.8-8.5),
and massive infusion therapy (odd ratio = 1.8, 95% CI 1.1-2.9), and its will be able to lead to the development of acute respiratory
distress syndrome (odd ratio = 11.6, 95% CI 8.7-14.1), cardiogenic pulmonary edema after surgery (odd ratio 2.6, 95% CI 1.8-3.9),
and postoperative delirium (odd ratio = 2.2, 95% CI 1.6-3.1).

Conclusions: Evaluation of effective biomarkers of patient severity had to use in emergency abdominal surgery to improve treatment outcomes.

Keywords: Generalized Intra-abdominal Infection; Abdominal Sepsis; Septic Shock; Biomarkers; Intra-Abdominal Hypertension;
Abdominal Compartment Syndrome; Results

Introduction
Intra-abdominal hypertension (IAH) is an important outcome-

predictor in critically ill patients [1,2]. Abdominal compartment

syndrome (ACS), as a component of multiple organs disorders, is
observed in at least 36% of patients in intensive care units [3]. In
this case, the mortality rate reaches 70-80% [4], and abdominal
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perfusion pressure (APP) is considered the best endpoint for resus-

due to stopping effective blood circulation; pregnancy; cancer in

sufficiency due to a decrease in perfusion pressure [6,7], impaired

All patients were done surgery with effective source control,

citation [5]. Among the pathogenic mechanisms of the formation of
ACS, the most important is the development of microcirculatory in-

anamnesis; diseases resuscitation status due to refractory shock.

endothelial function, the imbalance between endothelium-relaxing

supporting appropriate antibiotics, resuscitation, and organ sup-

operations on the abdominal organs [10]. Large volume fluid resus-

the 2nd those with adverse outcomes (died, n = 39).

factors and vasoconstrictors [8,9]. This largely determines the severity of the development of intra-abdominal hypertension during
citation is very common in medical ICU patients presenting with

sepsis, shock, and other inflammatory conditions like pancreatitis

and it is one of the major risk factors for the development of intraabdominal hypertension [11-13]. Unresolved issues are the identification of the severity and risk factors of ACS in intra-abdominal

infections, including those complicated by abdominal sepsis [14].
The multifactorial mechanism of ACS development requires not
only timely detection and elimination, but also prevention of the
influence of endogenous mechanisms of ACS formation [15,16].

The Aim

To determine the role of risk factors and the degree of their in-

fluence on the development of ACS for the development of an al-

gorithm for individualized treatment of patients with generalized

intra-abdominal infection. The effectiveness of various indicators
in predicting mortality among patients was also assessed.

Materials and Methods
Design of study

Over 10 years from January 2011 to January 2021 period a ret-

rospective analysis of risk factors for the development of ACS in
255 patients admitted with generalized intra-abdominal infection

(IAI) with surgical pathology of the abdominal organs was carried
out.

Inclusion criteria
The study included men and women over 18 and under 70 years

of age who were admitted to hospital with IAI without and with

sepsis or septic shock within 24-72 hours and more of admission to
the surgery or intensive care unit. All patients had been appreciated the Sepsis-3 criteria [17]. All of these were operated on urgently.
Exclusion criteria

Comorbidity with acute myocardial infarction and stroke; IAI

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

port therapy. Patients were divided into two groups: in the 1st included those with a positive outcome (discharged, n = 216), and in

In the study of patients, the following data were collected: pa-

tient, characteristics: age, gender, body mass index (BMI), assess-

ment of severity according to the APACHE II score and assessment

of organ dysfunction according to the SOFA score, the indicators for
which were calculated on the ClinCalc.com website. Also for each

enrolled patient were collected: personal data, admission data; co-

morbidity (Charlson Comorbidity Index (CCI), laboratory analysis
(WBC count, platelets, total bilirubin, creatinine, lactate, C-reactive

protein (CRP), procalcitonin, hematocrit) on the first admission
day and after 72 h; In the dynamics of the treatment of patients after surgery, studies were carried out systolic blood pressure (SBP),

IAP, APP, and also computed for each patient the following scores,

validated for IAI and abdominal sepsis: APACHE II and SOFA, nature of treatment (mechanical ventilation, inotropic support, artificial kidney), nature of complications, AGI assessment (degree),
results (30-day mortality).

The registration of IAP was determined indirectly by measur-

ing the pressure in the bladder according to I.L. Kron., et al. (1984)
[18]. Patients were screened for IAH (defined as IAP ≥ 12 mmHg)
with the Foley-Manometer method (Denmark). We have used the

classification of the World Society of Abdominal Compartment
Syndrome (WSACS, 2007) to assess the level of IAH with the recommendations: I degree IAP was registered at IAH 12-15 mm Hg

(16.3-20.4 cm H2O); II degree - 16-20 mm Hg (21.76-33.2 cm H2O);
III degree - 21-25 mm Hg (28.56-34 cm H2O); IV degree - > 25 mm
Hg (> 34 cm H2O). APP was calculated using the formula:
APP = MAP−IAP, (1)

Note: MAP is mean arterial pressure, IAP - intra-abdominal pressure.

MAP = diastolic blood pressure + 1/3 pulse blood pressure, (2)
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Note: Blood pressure is pulse = blood pressure is systolic − blood
pressure is diastolic.

Complications were registered according to the classification

of the European Society of Anesthesiology and Intensive Care
[19] with some additions that were adapted to the conditions of

19

obstruction with generalized purulent peritonitis, strangulated
ventral hernia with generalized purulent peritonitis, failure of
intraintestinal and gastrointestinal anastomoses (Figure 2). The
study was dominated by men (74.1%).

our clinic which included the following: acute kidney injury; acute
respiratory distress syndrome (ARDS); anastomotic leak; arrhythmias; circulatory arrest; cardiogenic pulmonary edema; postopera-

tive delirium; myocardial infarction; pneumonia; intestinal paresis
more than 72 h after surgery; postoperative bleeding; pulmonary

embolism; acute cerebrovascular accident; infectious complications in the operation; type of primary operation: planned or urgent; massive resuscitation: more than 5 liters in 24 h; the number
of required re-laparotomies.
Statistical analyses

Statistical data processing was performed using the trial ver-

sion 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 distri-

butions (Shapiro-Wilk test) of the selected indicators was assessed.
Continuous data were presented as Me (Q1; Q3), where Me is the

Figure 1: Distribution of patients with IAI.

median, Q1 and Q3 is the interquartile range (IQR). The nonparametric Mann-Whitney test was used for pairwise comparisons of
means in independent groups. 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 abdominal sepsis: APACHE
II and SOFA scores in the dynamics of the treatment.

Results

The patients were divided according to the severity of the con-

dition which was determined by the criteria of Sepsis-3: patients

without sepsis were 119 (46.7%), with abdominal sepsis was di-

agnosed in 110 (43.1%), and septic shock was diagnosed in 26

(10.2%) (Figure 1). The causes of IAI were secondary peritonitis
with perforated peptic ulcer, perforation of the vermiform appendix, perforation of the large colon in diverticulitis, acute intestinal

Figure 2: The causes of IAI.
The results of the distribution of patients by tactical approach

by severity and mortality are presented in table 1.
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Before surgery
Indicators

Ages,
Me [IQR]

After 72 hours

Positive
outcome
(n=216)

Adverse outcome
(n=39)

P

Positive
outcome
(n=216)

Adverse outcome
(n=39)

53
[18-70]

51
[23-69]

0.112

−

−

−

−

5
[2-9]

0.007

14.6
[12.3-24.1]

24.8
[17.4-28.2]

0.000

44.8
[36.4-46.6]

0.004

BMI, kg/m2,
Me [IQR]

25
[22.2-29.4]

31
[22.9-34.5]

WBC count
(×109/ l),
Me [IQR]

14.7
[12.4-21.3]

19.8
[13.2-22.2]

CCI ,
Me [IQR]

Platelets (×103/l),
Me [IQR]
Hematocrit (%),
Me [IQR]

Creatinine (mg/dl),
Me [IQR]
Total bilirubin
(μmol/l),

Lactate (mmol/l),
Me [IQR]
PCT
(pg/ml),
Me [IQR]
CRP
(mg/l),
Me [IQR]

SBP
(mm Hg),
Me [IQR]
APP
(mm Hg),
Me [IQR]

AGI grade,
Me [IQR]

APACHE II score,
Me [IQR]
SOFA score,
Me [IQR]

2
[1-4]

292.22
[232.8-329.6]

282.4
[256.2-359.7]

0.87

0.89

38.2
[35.8-46.1]

39.1
[36.4-46.3]

[0.76-1.109]

[0.72-0.94]

2.1
[1.6-2.8]

2.6
[1.8-6.9]

24.5
[16.8-52.4]
2.125

24.4
[21.2-64.6]
2.234

[0.125-71.212]

[0.116-80.143]

[121-166]

[130-201]

[90-130]

[70-100]

[64-76]

[51-66]

13
[10-22]

21
[14-28]

134
115
72

1
[1-3]

9
[7-11]

20

185
85
55

3
[2-3]

12
[8-14]

0.003

0.000
0.056

0.104

0.113

1.92

[0.88-1.543]

0.121

[1.46-2.21]

26.5
[14.5-58.2]

59.5
[28.3-108.2]

5.881

10.115

3.4
[1.9-7.6]

0.000

0.000

187.5
[158.2-215.1]

38.6
[35.4-49.5]

0.168

0.358

264.8
[224.4-311.3]

9.9
[5.2-12.3]

[2.117-86.021]

[3.426-151.113]

[148-176]

[160-213]

[90-155]

[70-100]

[64-78]
−

[50-66]

14
[12-22]

26
[16-36]

0.000
0.000
0.000
0.000
0.000

151
130
70

9
[8-12]

201
70
52

P

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

−

14
[9-16]

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

0.000
0.000

Note: P - Mann-Whitney test.
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At the first stage, all the material was processed using variation-

al statistic methods. These studies showed that there is a strong

negative relationship between IAP and APP: r = - 0.83, p = 0.000
(Figure 3). The established correlation also dependence reflected
the dynamics of the patients' condition: with the decrease in IAP,

the APP increased, which possibly reflected the normalization of
splanchnic circulation as a result of complex treatment of patients.

As a result of the study of the IAP dynamics in the patients of the
study groups, a positive correlation was established between the

IAP level and the surgical approach (r = 0.88; p = 0.000). The increase in IAP values correlated with the deterioration of the patients' condition according to the APACHE II and SOFA scores (respectively, r = 0.73, p < 0.003, r = 0.81, p = 0.000), but increase and

maintenance of IAP up to 25 mm Hg and higher testified to the development of ACS.

Figure 4: Postoperative complications rate.
vs. 56 years [23-69] in patients without complications (p < 0.001).
In the incidence of postoperative complications, the difference between men and women was less pronounced compared to mortality but they were more common in men. As well as mortality,

the incidence of postoperative complications increased with the
nature of the operation and the injury of the surgery (p < 0.05).
Also, the incidence of postoperative complications was higher in

groups of patients with a Charlson Comorbidity Index of more than
4, regardless of the type of disease.
Figure 3: Relationship between the level of intra-abdominal
pressure (IAP) and abdominal perfusion pressure.

A total of 81 (31.8%) postoperative complications were re-

ported, of which emergency surgery, infectious complications in
the operation, intestinal paresis for more than 72 h, the number

of re-laparotomies after primary surgery, massive infusion therapy
of more than 5 liters in 24 h of resuscitation and pneumonia were

the most common. The structure of complications is shown in Figure 4. In the group of patients with complications after surgery the

mean age was statistically significantly higher (62 years [57-70]

The coefficients of the logistic regression equation are pre-

sented in table 2. The data that is presented indicate the contribution of each complication to the mortality of these patients. In

some patients, the postoperative period was accompanied by the

development of two or more complications, while with the increase in the number of complications to increase in mortality occurred, and in the presence of four complications or more, a fatal

outcome was observed in 100% of cases. Analysis of our results

showed that with an increase in traumatism during surgery, the
risk of postoperative complications increases (OR = 3.1). Perhaps

this fact contributed to the occurrence of such complications as In-

fectious complications after surgery (OR = 3.71), intestinal paresis

after surgery (OR = 3.3), acute respiratory distress syndrome after

surgery (ARDS) (OR = 11.6), intestinal paresis more than 72 h after
surgery (OR = 3.3), etc. (Table 2).
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Coefficient

Standard
deviation

Wald test

p

Odds ratio

95% CI

Emergency surgery

0.63

0.16

16.3

0.000

2.1

1.4-2.9

Infectious complications after
surgery

1.12

1.84

38.4

0.000

3.71

1.8-4.1

Variable

Injury of operation

0.91

Number of re-laparotomies after
primary surgery
Massive infusion therapy
ARDS

Intestinal paresis

3.1

1.6-3.4

47.9

0.000

7.84

4.8-8.5

0.52

0.12

12.3

0.012

1.6

0.8-2.6

0.99

Postoperative delirium

0.000

1.97

2.2

Cardiogenic pulmonary edema

32.6

1.87
0.59

Pneumonia after surgery

0.17

0.77
1.2

0.14
2.45
0.17
0.18
1.12

14.6
53.2
32.8
18.1
19.8

0.000

1.8

1.1-2.9

0.000

11.6

8.7-14.1

0.000

3.3

1.9-4.2

0.000
0.000

Table 2: Coefficients of the logistic regression equation.

2.6
2.2

22

1.8-3.9
1.6-3.1

The data obtained made it possible to confirm the role of the

lead to the development of abdominal compression syndrome. The

more than 12 mm Hg. and a decrease in the APP less than 60 mm

ing the pressure in the abdominal cavity by assessing the pressure

factors of operational aggression in the development of the abdom-

inal compartment syndrome, which leads to an increase in IAP of
Hg. These data reflected the presence of intra-abdominal hyperten-

sion in violation of microcirculation in the abdominal organs in the
dependence of SOFA and APACHE II scores on the APP level before

surgery and 72 h after. At the same time, an increase in the blood
lactate level of more than 2.5 mmol/l (AUROC 0.834) was noted

both before and after the surgery and these changes were most

pronounced in patients with the adverse outcome which reflected
the presence of violations combined by the circulatory. The persis-

tence of IAH by day 3 was able to discriminate between survivors
and non-survivors patients on our data.

Discussion

Due to the fact that the abdominal cavity is a closed space, an

increase in IAP can have a negative effect on the function of the digestive tract, respiratory, cardiovascular, urinary, and central nervous systems. Such a condition is defined as an ACS and without

special treatment can lead to a complete loss of functional activity
of the patient's organs and systems and death. Timely reduction of
IAH leads to the reverse development of disorders. A whole group

of reasons, post-traumatic and postoperative complications can

clinical picture and physical examination of the abdomen are insufficient for the diagnosis of intra-abdominal hypertension. Measurin the bladder is an accurate and simple method, which can be performed in the most severe patient. Treatment of abdominal com-

pression syndrome includes a number of therapeutic measures, if
ineffective, early surgical decompression is indicated. Even with

timely treatment of this syndrome, there is a high mortality rate in
patients. The duration of IAH in combination with an acute onset of

the disease has a greater prognostic value plays an important role

in the realization of the effect of increased IAP and can lower the
threshold for the development of ACS [20].

In the present study, the baseline values of IAP and APP were

significantly higher in the group of patients with adverse outcomes
compared to patients in a group with a positive outcome. The fact

that IAI can be especially complicated by sepsis and septic shock
did not change our understanding of the causes of complicated IAI,

nor that there were many causes of increased IAP. This seems to
be very logical since the volume of infected fluid contained in the
abdominal cavity as a result of the prevalence of the pathological

process takes up a larger volume of the total volume of the abdominal cavity than in the patients with uncomplicated IAI and IAP is
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above the pressures that cause IAH (≥ 12 mm Hg) according to the

IAP. We were noticed that many episodes of hypotension had been

clinically significant changes, but special attention should be paid

tive period was significantly longer than in a favorable course. We

definition of the WSACS [21-23] in this patients. At the same time,
it is known that an increase in IAP to 12 mm Hg does not cause

to the presence of additional pathologies in specific patients. The
influence of increased IAP on the functions of internal organs was
described as early as the 19 century. So, in 1876, E. Wendt in his
th

publication [24] reported undesirable changes in the body due to

an increase in pressure in the abdominal cavity. Subsequently, individual publications of scientists described violations of hemodynamics, respiration and renal function associated with increased

IAP. However, only relatively recently its negative effects were recognized, namely the development of abdominal compartment syndrome with a mortality rate of up to 42-68%, and in the absence

of appropriate treatment reaching 100% [25]. Underestimation or
neglect of the clinical significance of IAP and IAH are circumstances
that increase the number of adverse outcomes in the intensive care

unit [26-28]. In recent decades, it has been increasingly discussed
that ACS is one of the main factors in the disruption of vital body

systems and is a pathological condition with a high risk of adverse
outcomes that requires timely diagnosis and immediate treatment.
Symptom complex in ACS is nonspecific; its manifestation can occur with a large number of surgical and non-surgical pathologies,
it has often led to oliguria or anuria, a high level of central venous

pressure, pronounced tachypnea and a decrease in oxygen saturation, profound impairment of consciousness, postoperative intes-

tinal paresis, a drop in cardiac activity what can be interpreted as
manifestations of multiple organ failure like in patients with the
traumatic disease, heart failure or severe infectious process. Postoperative mortality in patients urgently operated on for complicated intra-abdominal infection remains quite high due to the frequent development of multiple disorders of organs after surgery. In

recent decades, it has been increasingly discussed that ACS is one

of the main factors in the disruption of vital body systems and is a
pathological condition with a high risk of adverse outcomes that

requires timely diagnosis and immediate treatment. From the anal-

ysis of the coefficients of the logistic regression model, it follows

that complicated IAI statistically significantly (p <0.01) increases
the risk of developing infectious complications after surgery (OR

= 3.71, 95% CI 1.8-4.1), as our study was shown. Significant risk
factors for the development of infectious complications include in-

traoperative hypotension, organ hypoperfusion with an increase in

significantly increased the risk of complications. The total duration

of arterial hypotension in patients with a complicated postoperaassociated this with a decrease in blood flow in the mesenteric ves-

sels and the development of ischemia of the small intestine. Our
study has also shown an increase in blood lactate in patients with

poor outcomes 72 hours after surgery, despite the elimination of
the source of infection. We explained this by accumulation and after elimination of IAH a massive intake of underoxidized decomposition products into the bloodstream with the development of

secondary reperfusion injury. Thus, the increase in blood markers such as lactate can be considered as evidence of the develop-

ment of ischemia in the intraoperative period [29]. Hypoperfusion,
which occurs with an increase in IAP, a decrease in splanchnic

blood flow, promotes the development of tissue hypoxia. It was
found that even with a relatively low IAP, there is an increase in
malonic dialdehyde and with a decrease in the intramucosal pH of

the stomach during hypotension and this circumstance was associ-

ated with the development of oxidative stress due to ischemic and
reperfusion injury against the background of intra-abdominal hy-

pertension [30]. Nevertheless, it is important to emphasize that the
IAP in the group of patients with an adverse outcome in our observations was significantly lower than in the group of patients with
a positive outcome. The correlation analysis revealed that the risk

of developing ACS statistically significantly (p < 0.0001) increased
in the presence of intestinal paresis (OR = 3.3, 95% CI 1.5-3.9),
depended on the numbers of re-laparotomies (OR = 7.84, 95% CI

4.8-8.5) and using massive infusion therapy (OR = 1.8, 95% CI 1.1-

2.9). It was be able to lead to the development of ARDS (OR = 11.6,

95% CI 8.7-14.1), cardiogenic pulmonary edema (OR = 2.6, 95% CI
1.8-3.9), and postoperative delirium (OR = 2.2, 95% CI 1.6-3.1) af-

ter surgery. The abdominal organs are very sensitive to secondary
reperfusion injury, which is associated with impaired blood flow
in the mesenteric vessels, simultaneous ischemic and free radical

damage, and a violation of the mucous barrier. This is accompanied

by the movement of microorganisms and intestinal endotoxin into
the portal and general circulation.

The studies carried out confirmed the fact that the data ob-

tained indicate the need to continue studies to assess the validity

of these indicators when conducting targeted intraoperative and
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postoperative treatment of patients who underwent surgical interventions for complicated intra-abdominal infection in order to

identify significant risk factors for the development of complications in order to standardize surgical methods and intensive care
in the treatment of these patients.

Conclusion

The results from an ongoing study and study of APP in IAI pa-

tients with and without abdominal sepsis have shown that the fre-

quency of IAH is high in complicated IAI and mortality was also
high and correlated with severity scores. It was keeping the IAH up
to the third day after surgery makes it possible to distinguish be-

tween a positive result in patients who survived and those who did
not. The presence of low abdominal perfusion pressure (<60 mm

Hg) allows preliminary identification of a group of patients with a

Informed Consent Process

24

Informed consent was obtained from all participants included

in the study.
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