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Abstract – Background: Small bowel obstruction, mesenteric thrombosis, and strangulated ventral hernia area
a challenge in emergency abdominal surgery. This study aimed to evaluate biomarkers of damage to the diges-
tive tract in patients with urgent pathology. Materials and methods: The study involved 71 patients aged 18 to
80 years who were hospitalized in the intensive care unit in the immediate postoperative period. Results: All 71
underwent emergency surgery, 27 with small bowel necrosis. Lactate level area under curve (AUC = 0.964),
C-reactive protein (AUC = 0.805) and systolic blood pressure (area under curve, AUC = 0.803) on the context
of Sequential Organ Failure Assessment (SOFA) score (AUC = 0.880) showed stratification of patients with
complications before surgery. Small bowel necrosis patients revealed an increase in primary thiobarbituric acid
(TBA) reactive products (AUC = 0.813) lipid peroxidation products, and a decrease in superoxide dismutase
activity (AUC = 0.818) and catalase (AUC = 0.804). Wide variability of intestinal fatty-acid binding protein
(I-FABP) from 199.8 to 2189.6 pg/mL were observed in all patients studied, with an AUC = 0.814 in small
intestinal necrosis. Conclusion: Surgical pathology of the small intestine due to obstruction of various origina,
mesenteric thrombosis, and strangulated ventral hernia pronounced revealed disorders of the antioxidant-
prooxidant balance. This was expressed by an increase in lipid peroxidation products, and the level of TBA-
reactive products, and the activities of superoxide dismutase (SOD), and catalase. Viewed against the back-
ground of an increase in I-FABP above 577 pg/mL, these variables were the most significant indicators of small
intestinal necrosis.

Keywords: Small bowel obstruction, Mesenteric thrombosis, Strangulated ventral hernia, Ischemia-necrosis of
the small intestine, Diagnosis, Prognosis, Results

Introduction

Despite advances in medicine, the diagnosis of morpho-
logical changes in the small intestine due to non-ischemic
and ischemic injuries in diseases such as acute intestinal
obstruction, mesenteric occlusive and non-occlusive ische-
mia, and strangulated ventral hernia before surgery remains
one of the most difficult problems in emergency abdominal
surgery. Most studies have shown that the common leading
causes of adverse outcomes in most cases in this category of
patients is metabolic damage precipitated by an unbal-
anced response of the body to ischemia/necrosis of the small
intestine and infection, which often leads to organ dysfunc-
tion, the development of peritonitis, and abdominal sepsis
[1, 2]. It should be noted that at least 300,000 operations
for small bowel obstruction are performed annually in the
United States alone [3], and about 40% of cases are associ-
ated with strangulation and necrosis of the small intestine.
Asphyxia of the non-viable small intestine is about 16% [4].

In patients with strangulation obstruction of the small
intestine, mortality is 2–10 times higher than in patients
with obstruction [5].

The severity of the condition of these patients, including
at the stages of surgery, is largely determined by the inten-
sity of endogenous intoxication, which contributes to the
decompensation of vital body systems. The group of
endogenous toxic substances consists of numerous chemical
compounds, which include products of proteolysis and lipol-
ysis, circulating immune complexes and humoral regulators,
biogenic amines and cytokines, products of lipid peroxida-
tion among others. An important feature of endotoxins is
their harmful effects on the vital functions of all systems
and organs, they can lead to their functional insufficiency.
In urgent pathology of the small intestine, the violation of
the barrier function of the small intestine is a factor in
the development of endotoxicosis, which provokes systemic
disorders.

Currently, the development of oxidative stress in differ-
ent categories of patients with surgical pathology and endo-
toxicosis is considered an established fact. Significant*Corresponding author: ikryvoruchko60@gmail.com
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changes in the balance in the prooxidant-antioxidant sys-
tem associated with the prevalence of prooxidant factors
are typical pathophysiological reactions in the human body
in various diseases [6, 7]. These phenomena, in turn,
mediate many metabolic disorders, in particular, a strong
intensification of free radical processes during the suppres-
sion of antioxidant defense systems. Undoubtedly, the
most important event in the intake of toxins is enteral dis-
tress syndrome, which occurs in the early stages of urgent
pathology of the small intestine, including non-purulent-
inflammatory conditions. And according to recent concepts,
an important pathogenic factor responsible for the forma-
tion of endogenous intoxication, systemic inflammatory
response and multiple organ failure in urgent surgical
pathology of the abdominal organs is intestinal insufficiency
syndrome, which complicates the course of the postopera-
tive period in 30–50% of patients, despite the elimination
of the cause of its development. In patients with urgent
pathology of the small intestine, the digestive tract is quite
vulnerable, and the occurrence of its dysfunction plays a sig-
nificant role in the development of complications of the dis-
ease [8]. Often, the severity of digestive tract dysfunction
indicates the severity of the condition of critical patients
since several publications have reported that almost 50%
of patients in intensive care units have damage to entero-
cytes at the initial stage of treatment [9], and among seri-
ously ill patients with digestive tract dysfunction, higher
mortality rates are observed [10–12].

This study aimed to evaluate the intensities of some
indicators of endogenous intoxication, including the proox-
idant-antioxidant system and the biomarker of damage to
the digestive tract (I-FABP) in patients with urgent pathol-
ogy of the small intestine and to determine their prognostic
significance.

Material and methods

A two-centre retrospective study was conducted at
Kharkiv National Medical University, which involved 71
patients aged 18–80 who were hospitalized in the intensive
care unit in the immediate postoperative period. The study
was conducted from September 1, 2017, to November 30,
2021, with the consent of the University Ethics Committee
(Protocol No. 3 of September 20, 2021).

Medical records were reviewed, including symptoms and
signs, laboratory tests, and imaging studies. Written
informed consent was obtained from each patient. Initial
assessment of patients included: history of abdominal inter-
vention; clinical symptoms (abdominal pain, bloating,
nausea, vomiting, shortness of breath and defecation);
examination data (bloating with palpated loops of the small
intestine, the presence of peristaltic waves, pain or symp-
toms of peritonitis).

Inclusion criteria

The study included men and women who were hospi-
talized with small bowel obstruction, pinched abdominal

hernias, and mesenteric thrombosis. Based on some clinical
data, the inclusion criteria for patients met one of the fol-
lowing conditions: a simple abdominal radiograph or
abdominal ultrasound showing multiple levels of air and
fluid in the small intestine, but no signs of gas in the colon;
radiography and/or computed tomography (CT) of the
abdominal cavity; and confirmation of mesenteric occlusion
during laparotomy or laparoscopy.

Exclusion criteria

Patients with mechanical obstruction of the colon;
patients with early postoperative small bowel obstruction
less than 30 days after abdominal surgery; patients with
ascites; concomitant disease with acute myocardial infarc-
tion and stroke; severe acute pancreatitis with obstruction
or necrosis of the small intestine; post-resuscitation disease
due to cessation of efficient blood circulation and refractory
shock; pregnancy; history of cancer.

Patient characteristics

When examining patients, the following data were col-
lected: personal data (age, gender, previous operations on
the abdominal organs and abdominal trauma); laboratory
examination: peripheral blood leukocytes count, platelets,
hematocrit, lactate, C-reactive protein; in the dynamics of
patient treatment, systolic blood pressure (SBP) was mon-
itored and the following scores were calculated for each
patient: Acute Physiology and Chronic Health Evaluation
(APACHE) II score, Sequential Organ Failure Assessment
(SOFA) score. Evaluation of antioxidant-prooxidant status
was performed by determining the content of markers of
intensification of free radical oxidation and oxidative dam-
age of cellular structures: compounds reacting with thiobar-
bituric acid (TBA-AP) and diene conjugates (DC) were
performed spectrophotometrically; 8-isoprostane was per-
formed using a set of reagents called “8-isoprostane ELISA”
manufactured by “Cayman Chemical” (USA). Assessment
of antioxidant status was performed by determining the
content of major antioxidant enzymes such as superoxide
dismutase (SOD) [13], and catalase with a sandwich
enzyme-linked immunosorbent assay using a set of reagents
“Human Catalase, ELISA Kit”, manufactured in the USA,
and glutathione peroxidase (GP) was performed spec-
trophotometrically. The level of I-FABP was carried out
using commercial kits “I-FABP, Human, ELISA kit” manu-
factured by the Netherlands.

Choice surgery and patient distribution in urgent
pathology of the small intestine

The patients underwent urgent surgery with effective
source control, supporting appropriate antibiotics, resusci-
tation, and organ-support therapy. Surgical approaches
depended on the specific clinical situation and took into
account the existing World Society of Emergency Surgery
(WSES) recommendations for these categories of patients,
including local conditions and opportunities [14–17].
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Statistical analysis

Statistical data processing was performed using the trial
version of STATISTICA 13.3 EN. Initially, statistical
analysis was performed using descriptive statistics including
Tukey for testing differences among samples and the
Shapiro–Wilk test to assess the normality of the distribu-
tions of the selected indicators. Continuous data were
presented as mean and standard deviation (M ± SD). Zero
hypotheses (H0) in statistical tests were rejected at a signif-
icance level of p < 0.05. Prediction of necrosis of the small
intestine was carried out with the use of multidimensional
statistical methods for all studied indicators. To assess the
diagnostic significance of the different biomarkers studied,
receiver operating characteristic (ROC) analyses were
performed: the sensitivity, specificity, and area under the
ROC curve for the biomarkers, and the significance of the
differences between them were assessed taking into account
its 95% confidence interval. The prognostic effect of the
models was assessed based on the area under the curve
(AUC) indexes: the efficiency of the model was considered
to be restricted to AUC � 0.70; was good to
AUC � 0.80; was excellent to AUC � 0.90.

Results

Among the studied patients, 54 had a small bowel
obstruction, 9 with a strangulated ventral hernia, and 6
with mesenteric thrombosis. Of the 71 patients examined,
27 had small intestinal necrosis, and all 71 underwent emer-
gency surgery.

It has been established that in the studied diseases there
is an increase in the level of toxic products of a hydrophilic
nature (peptides of medium molecular weight, k = 254 nm),
and activation of an acute inflammatory reaction was
observed in all patients, which was determined by a signif-
icant increase in the level of leukocytes in the blood and C-
reactive protein relative to the control (p< 0.0001) (Tab. 1)
against the background of the development of increased
levels of lactate and hematocrit in the blood (p < 0.05).
The results of the distribution of patients by changes in lab-
oratory data and severity depending on the presence of
necrosis of the small intestine are presented in Table 2. Indi-
cators were selected that were reliable and belonged to the
category of good and excellent before surgery (Tab. 3):
AUC of lactate before surgery was 0.964 (p < 0.0001),
AUC of C-reactive protein was 0.805 (p < 0.0001), and
AUC of systolic blood pressure was 0.803 (p < 0.0001).
The SOFA score was also reliable for assessing the stratifi-
cation of patients with small bowel necrosis before surgery,
and its AUC was 0.880, p < 0.0001 (Fig. 1).

It should be noted that lactate level had an optimal cut-
off value of 2.19 mmol/L before surgery by the criterion for
strangulated/intact small intestine (AUC = 0.964, 95% CI
[0.711–0.994]), SOFA score had an optimal cutoff value of
8.5 points (AUC = 0.880, 95% CI [0.682–0.883]), C-reactive
protein level had an optimal cutoff value of 195.0 mg/L,
and SBP had the optimal cutoff value of 104 mm Hg
(AUC = 0.803, 95% CI [0.693–0.851]) (Fig. 1).

In the study of the antioxidant-prooxidant status, a sig-
nificant probability of an increase in the content of primary
(TBA-reactive products, from 1.9 to 2.1 times on average)
and secondary (diene conjugates, from 1.9 to 2.3 times on
average) products of lipid peroxidation relative to the con-
trol group was observed (p < 0.001). These changes in
prooxidant status were observed in patients without and
with the strangulation component of the small intestine
and its necrosis, and also in survivors’ and non-survivors’
patients (Tab. 4). Still, as could be noted in patients with
necrosis of the small intestine and non-survivor patients,
the average parameters of all these indicators differed con-
siderably and had higher values. Simultaneously with the
activation of free radical processes and the formation of
oxidative stress, we noted a probable decrease in antioxi-
dant status in all patients (Tab. 5): the activity of SOD
decreased on average by 42.6%, 67.9%, 70.9%, and 60.4%,
respectively (p < 0.01), and GP by 15.1%, 25.9%, 29.2%,
and 21.2% relative to control (p < 0.05) in patients with
small bowel necrosis, and blood catalase content had
decreased by 32.7%, 39%, 41.2%, and 39%, respectively,
in patients with strangulation and necrosis of the bowel.

Subsequently, indicators were selected, the values of
which were reliable and belonged to the category of good
before surgery, as shown in Table 6: AUC of TBA-reactive
products before surgery was 0.813 (p < 0.0001); AUC of
SOD activity was 0.818 (p < 0. 0001), AUC of catalase con-
tent was 0.804 (p < 0.0001) and the AUC of GP activity
was 0.787(p < 0.001) (Fig. 2).

Structural and morphological changes in the small intes-
tine in the form of non-ischemic and ischemic lesions in dis-
eases such as acute intestinal obstruction, mesenteric
occlusion, and strangulated hernia, are common causes of
adverse conditions in these diseases both before and after
surgery. The patients showed significant changes in I-FABP
from 199.8 to 2189.6 pg/mL (911.3 ± 136.3) (Tab. 7) with a
significant difference between groups of patients before
surgery: strangulation obstruction of the small intestine
881.8 ± 179.3; obstruction of the small intestine
276.2 ± 61.86; mesenteric thrombosis 1232.5 ± 422.6; stran-
gulated ventral hernia 699.5 ± 172.7; the presence of diffuse
peritonitis 769.4 ± 214.7; survivors patients 486.2 ± 248.7;
non-survivors patients 962.2 ± 270.5. That is, depending
on the pathology and the presence of complications, the
average level of I-FABP increased in all of them compared
to the control, which indicates the influence of the severity
of such a sign as ischemia-necrosis of the small intestine on
this indicator. And, studies suggested I-FABP as prognostic
marker, which had in our study AUC = 0.814, sensitivity
90.9%, but a very low specificity 61.9%) (Fig. 3).

Discussion

The problem of diagnosis and surgical treatment of
acute occlusive and neo-occlusive ischemia remains relevant
due to the preservation of a fairly high percentage of unsat-
isfactory treatment results (from 30.0 to 100.0%). Biological
markers are evaluated that may be associated with small
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bowel necrosis, inflammatory response, the severity of organ
dysfunction, and sepsis. Because acute small bowel disease
in patients with small bowel obstruction, mesenteric throm-
bosis, and impaired ventral hernia is life-threatening, timely
and accurate diagnosis of ischemia/necrosis and stratifica-
tion of patients before surgery at risk of local and systemic
complications is important. A better understanding of the
pathophysiological disorders in the treatment of these
patients allows us to determine the moments of favourable
prognosis and prevent various complications. The main
characteristic of the severity of urgent surgical pathology
of the small intestine is endogenous intoxication due to its
ischemia-necrosis-reperfusion. These circulatory disorders
in the intestine lead to necrosis and perforation [18–20].

An extreme increase in toxic products in the blood is
possible with their production or a decrease or loss of the
detoxification ability of the organs of the natural detoxifica-
tion system. In this regard, the question of the causes of this
kind of tissue damage at the local level and the organ level
of the detoxification system has long been relevant. It is
obvious that the destruction and loss of the functional
potential of the organ are based on processes at the cellular
level that discredit the basic functions of the liver and
intestines, but one of the main ones, of course, is those that
primarily affect the structural and functional state of the
cell membranes. In concept, the universality of agents was
recognized as the most important in the pathogenesis of
the development of not only catabolic processes – a source
of toxins, but also dysfunction of the organs of the detoxifi-
cation system associated with the development of pathology
of cell membranes. A solution to the complex issues in this
problem became possible due to an in-depth study of the
ongoing pathophysiological processes at the organ, cellular,
and molecular levels in various urgent surgical diseases of
the abdominal organs. The study aimed to determine
the significance of the catabolic process as a whole in the
pathogenesis of surgical endotoxicosis by studying the

prooxidant-antioxidant system against the background of
lesions of the gastrointestinal tract in patients with urgent
surgical pathology of the small intestine.

First of all, the results obtained in this study showed
that indicators such as lactate (AUC = 0.964), C-reactive
protein (AUC = 0.805), and systolic blood pressure
(AUC = 0.803) in the background of the severe condition
of patients on the SOFA score allow for the diagnosis of
developing hypoxia, the assumption of the presence of
necrosis of the small intestine before surgery with stratifica-
tion of patients with this complication, and the prediction
of the development of systemic disorders after surgery. It
should be noted that numerous studies have examined the
relationship between different indicators and prognosis in
patients with critical surgical diseases [21–24], but the data
were sometimes contradictory. According to the current
recommendations, the SOFA score should be used as a
prognostic indicator to detect sepsis as well as to stratify
the risk of complications in operated patients [25–27]. This
approach excludes the influence of one or another dominant
diagnostic concept and identifies patients at increased risk
of death.

Evaluation of SOFA in our study showed good results in
predicting early mortality in patients with urgent surgical
pathology of the small intestine and the development of
necrosis of the small intestine in the analysis of ROC curves.
It should be noted that this indicator had an optimal cutoff
of 8.5 points (AUC = 0.880, 95% CI [0.682–0.933]) with a
sensitivity of 81.3% and a specificity of 88% for the criterion
of patients with necrosis of the small intestine and patients
without small intestine intestinal necrosis. It is known that
many biomarkers, such as lactate, and C-reactive protein,
are powerful predictors of sepsis and adverse outcomes
[28, 29]. This study showed within the ROC curve, an
AUC, sensitivity and specificity in lactate (9.964, 100%,
and 91.7%), C-reactive protein (0.85, 57.5%, and 90.5%),
and systolic blood pressure (0.803, 73%, and 76.5%)

Table 1. Baseline endogenous intoxication, inflammatory response and tissue hypoxia, markers of prooxidant status and biochemical
parameters of the antioxidant system in patients with small bowel pathology.

Indicators Small bowel obstruction Mesenteric
thrombosis
(n = 6)

Strangulated
hernia
(n = 9)

Control
(n = 15)Obturation

(n = 44)
Strangulation

(n = 12)

WBC count (�109/L) 15.8 ± 3.63* 21.34 ± 4.13* 23.83 ± 4.56* 17.32 ± 3.92* 7.8 ± 2.1*
PAMW, k = 254 yv, (c.u.) 370 ± 12.3* 544 ± 15.2* 582 ± 12.7* 422.6 ± 14.3* 211 ± 18.1
C-reactive protein (mg/L) 93.5 ± 13.3* 187.4 ± 28.3* 201.5 ± 27.8* 142.7 ± 18.6* 6.7 ± 1.8
Lactate (mmol/L) 1.83 ± 0.12* 3.4 ± 0.43* 2.9 ± 0.04* 2.2 ± 0.31* 1.2 ± 0.03*
Hemoglobin (g/L) 150.6 ± 8.09* 156.7 ± 4.37* 151.8 ± 9.56* 146.4 ± 8.11* 134.8 ± 5.4*
Hematocrit (%) 43.55 ± 3.6* 49.58 ± 4.1* 49.24 ± 5.4* 44.6 ± 3.9* 34.12 ± 2.8
TBA-reactive products (lM/g) 6.78 ± 0.71* 7.12 ± 0.66* 7.34 ± 0.87* 6.92 ± 0.74* 3.58 ± 0.44
DC (lM/g of protein) 3.46 ± 0.61* 3.85 ± 0.52* 3.95 ± 0.44* 3.58 ± 0.36 1.74 ± 0.22
8-isoprostane (ng/mL) 4.95 ± 0.78* 4.51 ± 0.71* 4.59 ± 0.66* 4.36 ± 0.68* 2.08 ± 0.48
Activity of SOD (MO/10 mg of protein) 1.52 ± 0.21* 0.85 ± 0.14* 0.77 ± 0.12* 1.05 ± 0.11* 2.65 ± 0.12
Catalase (IU/mg) 256.1 ± 15.93* 231.8 ± 18.02* 223.5 ± 21.02* 231.8 ± 18.02* 380.3 ± 26.85
GP in erythrocytes, (nmol
of reduced glutathione/min)

128.7 ± 17.86* 112.4 ± 22.56* 107.4 ± 17.53* 118.4 ± 17.46* 151.6 ± 21.24

WBC – white blood cells; PAMW – peptides of average molecular weight; TBA – thiobarbituric acid; SOD – superoxide dismutase;
GP – glutathione peroxidase; Note: *Reliable with control (p < 0.05).
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Table 2. Laboratory data of patients in the main group depending on their severity and the presence of necrosis of the small intestine.

Indicators Before surgery P Before surgery P value

Survivors
(n = 59)

Non-
survivors
(n = 12)

Without necrosis small
intestine (n = 44)

With necrosis small
intestine (n = 27)

WBC count (�109/L) 17.56 ± 2.92 20.95 ± 4.09 0.007 16.78 ± 4.15 22.74 ± 5.77 0.000
95% CI [�5.804 to �0.9789] 95% CI [�8.313 to �3.607]

PAMW, k = 254 yv, (c.u.) 0.37 ± 0.02 0.54 ± 0.02 0.000 0.41 ± 0.03 0.52 ± 0.03 0.000
95% CI [�0.1859 to �0.1541] 95% CI [�0.1246 to �0.09537]

TBA-reactive products (lM/g) 6.37 ± 0.71 7.39 ± 0.99 0.000 6.78 ± 0.71 7.12 ± 0.87 0.029
95% CI [�1.607 to �0.4344] 95% CI [�0.6447 to �0.03535]

DC (lM/g of protein) 4.2 ± 0.26 3.53 ± 0.43 0.000 3.46 ± 0.61 3.95 ± 0.52 0.000
95% CI [0.4485 to 0.8915] 95% CI [�0.7718 to �0.2082]

8-isoprostane (ng/mL) 4.42 ± 0.52 4.88 ± 0.77 0.038 4.95 ± 0.78 4.51 ± 0.67 0.018
95% CI [�0.893 to �0.02614] 95% CI [0.07887 to �0.1541]

Activity of SOD (MO/10 mg of protein) 1.59 ± 0.19 0.92 ± 0.16 0.000 1.52 ± 0.21 0.85 ± 0.14 0.000
95% CI [0.521 to 0.819] 95% CI [0.5789 to 0.7611]

Catalase, (IU/mg) 268.5 ± 14.8 228.6 ± 19.3 0.000 256.1 ± 15.93 231.8 ± 18.02 0.000
95% CI [27.74 to 52.06] 95% CI [16.13 to 32.47]

The activity of GP in erythrocytes, nmol
of reduced glutathione/min * g Hb

126.6 ± 21.11 109.5 ± 18.3 0.043 128.7 ± 17.26 112.4 ± 22.19 0.000
95% CI [0.5157 to 33.38] 95% CI [6.904 to 25.7]

Lactate (mmol/L) 1.6 ± 0.04 2.9 ± 0.3 0.000 1.8 ± 0.12 3.8 ± 0.43 0.000
95% CI [�1.377 to �1.223] 95% [CI �2.113 to �1.887]

C-reactive protein (mg/L) 86.7 ± 15.8 193.9 ± 25.2 0.000 92.7 ± 18.6 198.5 ± 24.3 0.000
95% CI [�120.6 to �93.84] 95% CI [�114.1 to �97.47]

SBP (mm Hg) 115.3 ± 12.9 88.5 ± 9.8 0.000 130.8 ± 16.4 81.2 ± 6.8 0.000
95% CI [16.75 to 36.85] 95% CI [42.97 to 56.23]

APP (mm Hg) 75.7 ± 2.2 62.1 ± 1.9 0.000 70.4 ± 1.83 65.2 ± 1.48 0.000
95% CI [11.87 to 15.33] 95% CI [4.368 to 6.032]

APACHE II score 11.3 ± 1.5 16.7 ± 1.4 0.000 13.7 ± 1.9 14.6 ± 2.09 0.066
95% CI [�6.589 to �4.215] 95% CI [�1.863 to 0.06259]

SOFA score 4.3 ± 1.4 8.1 ± 1.2 0.000 9.3 ± 1.1 12.8 ± 1.3 0.000
95% CI [�5.099 to �2.901] 95% CI [�4.075 to �2.925]

WBC – white blood cells; PAMW – peptides of average molecular weight; TBA – thiobarbituric acid; DC – diene conjugates; SOD – superoxide dismutase; GP – glutathione
peroxidase; SBP – systolic blood pressure; APP – abdominal perfusion pressure; Note: P-Student’s criterion; 95% CI – 95% confidence interval for difference; APP – abdominal
perfusion pressure.
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associated with early mortality. However, the low sensitiv-
ity in valuing these findings needs to be taken into account.

The data presented in the study indicate that in surgical
pathology of the small intestine as a result of its obstruc-
tion, mesenteric thrombosis, and strangulated ventral
hernia, pronounced disorders of the antioxidant-prooxidant
balance were revealed, expressed in a particularly likely
increase in primary (TBA-reactive products) and secondary
(diene conjugates) products of lipid peroxidation. These
changes in the prooxidant status were observed in patients
of both study groups with both strangulation and obstruc-
tive genesis of pathology, and more pronounced changes
were recorded in patients with necrotic changes in the small
intestine, which, in our opinion, are due to pathogenetic
mechanisms associated not only with obstruction of the
intestinal lumen, but also with impaired blood flow in its
wall, which creates additional conditions for tissue damage
with the formation of local and systemic hypoxia and,

accordingly, leads to a more massive formation of toxic
metabolic products and their entry into the bloodstream.

At the same time, it was found that only TBA-reactive
products have predictive capabilities in relation to the diag-
nosis of small intestine necrosis since for this indicator the
AUC was 0.813 with a sensitivity of 63.2% and a specificity
of 89.3%. Undoubtedly, in conditions of acute damage to
the intestinal wall, the presence in the blood of molecules
that are degradation products of cell membranes and other
macromolecules is a prognostically unfavourable indicator
of deep structural and metabolic disorders in patients with
membrane pathology. In addition, a significant increase in
8-isoprostane from 2.2 to 2.4 times before surgery
(p < 0.01) confirms the presence of oxidative stress in all
cases of surgical pathology, since this compound is a
metabolite of the arachidonic acid cascade, and its presence
signals a strong release of highly reactive compounds that
can damage cells and extracellular formations, which under

Table 3. Diagnostic value of hypoxia, inflammation and systemic disturbances for the small intestine necrosis before surgery.

Indicators AUC Cut-off SE 95% CI Sensitivity Specificity

WBC 0.712 18.05 0.0897 0.612–0.815 0.357 1.0
PAMW 0.757 0.495 0.912 0.624–0.846 0.407 1.0
Lactate 0.964 2.175 0.0643 0.711–0.994 1.0 0.917
C-reactive protein 0.805 195.0 0.0512 0.714–0.877 0.577 0.905
SBP 0.803 104.0 0.0667 0.693–0.851 0.730 0.765
АPP 0.756 62.5 0.0932 0.624–0.882 0.489 0.676
APACHE II score 0.785 13.0 0.0543 0.667–0.821 0.697 0.542
SOFA score 0.880 8.5 0.0812 0.682–0.933 0.813 0.880

AUC – area under the curve; SE = Standard error; CI – confidence interval; PAMW – peptides of average molecular weight; SBP –

systolic blood pressure; APP – abdominal perfusion pressure; APACHE – Acute Physiology and Chronic Health Evaluation score;
SOFA = Sequential Organ Failure Assessment score.

Fig. 1. Efficacy of AUC prediction models for suspected small bowel necrosis for score SOFA, lactate, C-reactive protein, and systolic
blood pressure. AUC – area under the curve; SOFA – Sequential Organ Failure Assessment score.
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such conditions significantly complicate the course of the
pathological process and create additional conditions for
deepening the severity of endogenous intoxication. In this
study, it was found that the 8-isoprostane level had no sig-
nificant predictive value for the diagnosis of small bowel
necrosis (AUC = 0.780 with a sensitivity of 78.6% and a
specificity of 78.9%) because it was known that the perfor-
mance of the prediction model is considered limited at AUC
= 0.70–0.80.

Hydrogen peroxide (H2O2) is the end product of the
SOD reaction can react in vivo to form the hydroxyl free
radical, but H2O2 can only be detoxified by the selenoen-
zyme, glutathione peroxidase (GP), but not by catalase
as the Michaelis constant, which is an inverse measure of
enzyme affinity, Km (affinity) of GP, for H2O2 is orders
of magnitude lower than for catalase [30–32]. Data from

the scientific literature on the severity of changes not only
in biochemical parameters but also in histomorphological
changes of hepatocytes in endotoxicosis of various origins
were reported [33, 34]. Some authors noted that under such
conditions, disruption of superoxide dismutase synthesis
may be due to reduced production of transport proteins,
in particular ceruloplasmin, but these data certainly require
a more detailed study [35].

The GP activity in our study decreased in patients with
surgical pathology of the small intestine of various origins
which then itself will result into less detoxification of free
radicals [32]. GP requires the presence of NADPH (H+),
which is formed in the pentose phosphate cycle, and under
conditions of endogenous intoxication. It seems that inhibi-
tion of enzyme protection in patients significantly exacer-
bated endogenous intoxication. According to our research,

Table 4. Biochemical parameters of prooxidant status in patients before surgery.

Indicators/Groups TBA-reactive products P Diene conjugates P 8-isoprostane P value

Control (n = 20) 3.58 ± 0.44 P1 = 0.000 1.74 ± 0.22 P1 = 0.000 2.08 ± 0.48 P1 = 0.000
With necrosis of the small
intestine (n = 27)

7.12 ± 0.87 P2 = 0.000 3.95 ± 0.52 P2 = 0.000 4.95 ± 0.67 P2 = 0.000

Without necrosis of the
small intestine (n = 44)

6.78 ± 0.71 P3 = 0.078 3.46 ± 0.61 P3 = 0.005 4.51 ± 0.78 P3 = 0.004

Survivors (n = 59) 6.37 ± 0.71 P4 = 0.001 3.53 ± 0.43 P4 = 0.000 4.42 ± 0.52 P4 = 0.013
Non-survivors (n = 12) 7.39 ± 0.99 4.2 ± 0.26 4.88 ± 0.77

TBA = thiobarbituric acid; DC = diene conjugates; Note: P1 – reliable between control and strangulation; P2 – reliable between
control and obturation; P3 – reliable between strangulation and obturation; P4 – reliable between survivors and non-survivors.

Table 5. Biochemical parameters of the antioxidant system in patients before surgery.

Indicators/groups Superoxide dismutase P value Catalase P value Glutathione peroxidase P value

Control (n = 20) 2.65 ± 0.12 P1 = 0.000 380.1 ± 26.85 P1 = 0.000 151.6 ± 21.24 P1 = 0.000
With necrosis of the small
intestine (n = 27)

0.85 ± 0.14 P2 = 0.000 231.8 ± 18.02 P2 = 0.000 112.4 ± 22.56 P2 = 0.003

Without necrosis of the
small intestine (n = 44)

1.52 ± 0.21 P3 = 0.000 256.1 ± 15.93 P3 = 0.000 128.7 ± 17.86 P3 = 0.031

Survivors (n = 59) 1.59 ± 0.19 P4 = 0.000 268.5 ± 14.8 P4 = 0.000 126.6 ± 21.11 P4 = 0.027
Non-survivors (n = 12) 0.92 ± 0.11 228.6 ± 19.3 109.5 ± 18.32

SOD – superoxoid dismutase; GP – glutathione peroxidase; Note: P1 – reliable between control and strangulation; P2 – reliable
between control and obturation; P3 – reliable between strangulation and obturation; P4 – reliable between survivors and non-
survivors.

Table 6. Diagnostic value of antioxidant-prooxidant status and intestinal fatty-acid binding protein to assess the probability of
necrotic changes in the small intestine before surgery.

Indicators AUC Cutoff SE 95% CI Sensitivity Specificity

TBA-reactive products 0.813 6.66 0.0693 0.712–0.895 0.632 0.893
Diene conjugates 0.680 3.565 0.0812 0.524–0.746 0.750 0.684
8-isoprostane 0.780 5.05 0.0743 0.641–0.854 0.786 0.789
Superoxide dismutase 0.818 1.1 0.0618 0.734–0.917 0.750 1.0
Catalase 0.804 225.2 0.0667 0.702–0.891 0.714 1.0
Glutathione peroxidase 0.787 111.1 0.0332 0.634–0.835 0.679 0.787
Intestinal fatty-acid binding protein 0.814 577.25 0.0712 0.714–0.895 0.909 0.619

AUC – area under the curve; CI – confidence interval.
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the level of TBA-reactive products (AUC = 0.813), super-
oxide dismutase activity (AUC = 0.818), and catalase
(AUC = 0.804) in patients analyzed before surgery was
the most significant indicators of the necrosis of the small
intestine. Otherwise it is of importance that catalase is only
active where hydrogen peroxide concentrations are very
high in peroxisomes and here catalase is key but everywhere
else, GP is the key enzyme.

There are many risk factors for mortality in this cate-
gory of patients analyzed in this study, which include the
development of multiple organ failure, the use of vasopres-
sors, mechanical ventilation, etc., and the role of the intes-
tine as a “motor” of systemic disorders has been established

[36]. Since the function of the gastrointestinal tract is
known to be very complex, many researchers have tried
to develop different scoring systems to assess its severity
in the intensive care unit. The AGI score proposed by the
European Society of Intensive Medicine (ESICM) Working
Group [12], which includes abdominal signs and symptoms,
IAP score, and organ function, is considered an important
indicator of GI function in ICU patients. This classification
is now considered classical and accepted by various medical
societies. Reduced intestinal perfusion and loss of integrity
of the enterocyte cell membrane contribute to the rapid
release of I-FABP into the bloodstream and subsequent
excretion by the kidneys [37].

Fig. 2. Efficacy of AUC prediction models for suspected small bowel necrosis for TBA-reactive products, the activity of SOD, and
catalase level. AUC – area under the curve; TBA – thiobarbituric acid; SOD – superoxide dismutase.

Table 7. The level of fatty intestine acid-binding protein in patients with small bowel pathology.

Patients with the pathology of the
small intestine

Min/max М ± SD P

All groups 199.8–2189.6 911.3 ± 136.3 P < 0.0001
Strangulation obstruction of the
small intestine (n = 12)

567.7–1240.4 881.8 ± 179.3 P < 0.0001
P1 < 0.0001
P2 < 0.0001
P3 < 0.01

Obstructive obstruction of the small
intestine (n = 44)

199.8–409.4 276.2 ± 61.86 P < 0.001

Mesenteric thrombosis (n = 6) 734.6–2189.6 1232.5 ± 422.6 P < 0.0001
Strangulated hernia (n = 9) 412.5–986.3 699.5 ± 172.7 P < 0.0001
Complicated by diffuse peritonitis
(n = 25)

323.4–1104.6 769.4 ± 214.7 P < 0.0001

Survivors (n = 59) 199.8–654.7 486.2 ± 248.7 P < 0.001
P4 < 0.0001

Non-survivors (n = 12) 567.7–2189.6 962.2 ± 270.5 P < 0.0001
Control (n = 15) 74.5–172.2 80.86 ± 40.3

Note: P – reliable with control; P1 – reliable strangulation and obturation; P2 – reliable between strangulation of small bowel
obstruction and mesenteric thrombosis; P3 – reliable between strangulation of small bowel obstruction and strangulated hernia; P4 –

reliable between survivors and non-survivors.
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As our studies have shown, the concentration of
I-FABP in the plasma of healthy volunteers was low and
ranged from 74.5 to 172.2 pg/mL. According to the data
obtained by other authors, its value significantly increases
in the blood within 60 min after ischemia, which indicates
that the release of this biomarker occurs in parallel with
ischemia of the small intestine [38]. The highest mean
I-FABPs were observed in patients with mesenteric
thrombosis and in patients with strangulated small bowel
obstruction. Also, this figure was significantly lower in
patients with obstructive obstruction (p = 0.000) compared
with the strangulated form of the disease, but in the
presence of peritonitis, its mean values were lower than in
strangulated intestinal obstruction without peritonitis
(p = 0.008) and significantly higher than in obstructive
obstruction (p = 0.000). Characteristic differences in the
value of I-FABP were also found in living and deceased
patients: in patients before surgery, its mean value was
49.5% lower than in the deceased. Understanding the
pathophysiological basis of digestive tract dysfunction in
abdominal surgical urgencies as a result of previous studies
has shown that this may be the result of many factors that
lead to damage to enterocytes, and an objective biomarker
of enterocyte damage, which is I-FABP, can be used to pre-
dict the consequences of many critical conditions, including
acute decompensated heart failure and cardiac arrest [39],
septic shock, severe acute pancreatitis [40–42], and so on.

To sum up, for this category of patients, rapid diagnosis
and effective treatment are of decisive importance, which is

based on the etiology, severity, duration of delay in diagno-
sis, prognosis, etc. Over the past three decades, the manage-
ment of these patients has evolved using two main
principles, such as “source control” and “damage control”,
using various sophisticated and highly accurate non-inva-
sive imaging techniques at the disposal of the surgeon.
Early mortality in these patients, which is usually associ-
ated with septic shock and multiple organ failure, currently
remains quite high. In our opinion, the use of early diagno-
sis, the choice of adequate surgical methods for surgical
treatment, and personalized treatment of complications
after surgery are factors that reduce the mortality of
patients. This study showed that preoperative diagnosis
and prognosis of small bowel necrosis for the choice of
appropriate treatment for patients are the most correctly
for assessing postoperative complications and mortality.

Research limitations

Our study had several limitations. First, this was a ret-
rospective study, and our data was based on the medical
records of patients who were being treated. Secondly, this
study did not include all patients, but only those who had
a complete set of biomarkers in the study profile. Of course,
in the ignoring group, some patients died after surgery.
Thus, we have not been able to completely avoid selection
bias, and all of the results obtained require further valida-
tion in a much larger number of patients with urgent surgi-
cal pathology of the small intestine.

Conclusion

The development of endogenous intoxication in patients
with urgent surgical pathology of the small intestine is
accompanied by a significant increase in the number of
reactive molecules that can damage such macromolecules
as proteins, nucleic acids, cell membranes, and intracellular
organelles, as well as an increase in the number of substrates
of endogenous intoxication in the blood, which are active
forms of oxygen, products of lipid peroxidation and oxida-
tive modification of proteins: peroxides, hydroperoxides,
diene conjugates, etc. The established metabolic disorders
against the background of an increase in peptides of average
molecular weight may indicate an increase in endogenous
intoxication and the formation of membrane pathology in
these patients, and tissue hypoxia and inhibition of the
antioxidant system, leading to uncoupling of oxidative
phosphorylation and tissue respiration, activation of oxida-
tive stress, inhibition of bioenergy, and possibly the devel-
opment of mitochondrial dysfunction, were the most
expressed in patients with the presence of necrosis of the
small intestine.

This study demonstrated that plasma I-FABP posi-
tively correlates with the necrotic changes of the small
intestine presented in urgent surgical diseases. I-FABP
was increased in plasma, probably in order to signal early
indigestion in the small intestine due to its ischemic
damage. The research for biomarkers needs to continue to

Fig. 3. Efficacy of AUC prediction models for suspected small
bowel necrosis for I-FABP level. AUC – area under the curve; I-
FABP – intestinal fatty-acid binding protein.
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anticipate the progression of gut-necrotic associated dam-
age and, thus, allow the prevention and monitoring of the
therapeutic strategies used.

Nomenclature of abbreviations

APACHE II Acute Physiology and Chronic Health
Evaluation II score

APP Abdominal perfusion pressure
AUC Area under the curve
CI Confidence interval
CT Computed tomography
CU Conventional units
DC Diene conjugates
ESICM European Society of Intensive Medicine
GP Glutathione peroxidase
I-FABP Intestinal fatty-acid binding protein
PAMW Peptides of average molecular weight
ROC Receiver operating characteristic
SBO Small bowel obstruction
SBP Systolic blood pressure
SOD Superoxide dismutase
SOFA SEQUENTIAL Organ Failure Assessment

score
TBA Thiobarbituric acid
WBC White blood cells
WSES World Society of Emergency Surgery
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