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Abstract

Relevance. Intraabdominal hypertension syndrome is one of the main causes in the etiology of multiorgan dysfunction
and high mortality of patients. It is relevant today to determine the level of the interrelation of various markers of bacterial
translocation (presepsin and I-FABP) and IAH for the purpose of early diagnosis of complications since there are not enough
studies.

Aim: Analysis of available data on the correlation between IAH and bacterial translocation in various-genesis critically ill
patients.

Question: Is there a correlation between IAH and bacterial translocation markers in critically ill patients?

Search strategy: Sources of information: Pubmed, Scopus, Google Scholar, Web of Science for the last 10 years (from
2013 to 2023). Inclusion criteria: all research papers that included patients with multiple organ dysfunction, abdominal
hypertension, and surgical diseases of the gastrointestinal tract. Patients in intensive care units who underwent detection of
bacterial translocation proteins, particularly, I-FABP, presepsin, and zonulin. In addition, experimental papers with animals
using the same criteria over the past 10 years. Exclusion criteria: studies that were published before 2013, as well as studies
that did not have the main search criteria (abdominal hypertension, multiple organ dysfunction, markers of bacterial
translocation were not detected). Patients under 18 years of age, patients with bladder injury or cancer. Key requests:
multiple organ dysfunction, abdominal hypertension, intra-abdominal hypertension syndrome, I-FABP, presepsin, zonulin,
gastrointestinal diseases, sepsis, multiple organ failure. Considering the uniqueness of the study, 88 papers were identified
and selected according to the search strategy.

Results: Presepsin levels vary in healthy patients, SIRS patients, and patients with diagnosed sepsis within the range of
258.74£92.53ng/L, 430.0£141.33ng/L, and 1,508.3+866.6ng/L, respectively. In patients with acute surgical diseases, the
level of I-FABP protein is much higher than in patients of the control group.

The relevance of determining the level of zonullin protein in the blood in patients with multiorgan dysfunction is
controversial and requires further in-depth research.

Conclusion: According to the study, the relationship between the level of intra-abdominal hypertension and the proteins
presepsin and |-FABP was determined in patients with multi-organ dysfunction of various origins. Study levels of presepsin,
zonullin and |-FABP proteins in patients with multiorgan dysfunction due to their minimally invasive nature and rapidness of
execution, contribute to reducing the mortality rate from postoperative complications, as well as timely surgical treatment.

Keywords: intraabdominal hypertension, presepsin, I-FABP, multiorgan dysfunction, abdominal surgery, abdominal
compartment syndrome.
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B3AMMOCBA3b BHYTPUBPIOLWWHOU N'MMNEPTEH3UMU
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AktyanbHOCTb. CHHOPOM MHTPaabhoMWHAmNbHOM TMNEPTEH3UM SBNSIETCA OQHOM M3 TMaBHbIX MPUYMH B STUOMOTWM
MONMOPraHHON HEeLOCTaTOMHOCTM W BbICOKOW CMEPTHOCTM NaUMEHTOB. AKTyanbHbIM Ha CErOAHAWHWA [eHb SBASETCS
onpefeneHne YpoBHS B3aMMOCBSA3N pasnnyHbIX MapkepoB GakTepuansHon TpaHcnokaumm (npecencu u I-FABP) u WAT ¢
Lienblo paHHen AMarHOCTUKM OCMOXHEHWI, TaK Kak UCCregoBaHuiA Mano.
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Llenb: lMpoBeaeHne aHanm3a UMEIOLMXCS AaHHbIX NUTepaTypbl 0 koppensuum WAL u 6akTepuanbHON TpaHcnokauum y
NaLMEHTOB B KPUTMHECKOM COCTOSIHUM Pa3nNYHOrO reHesa.

Bonpoc: umeetcs nu koppensuums mexay AT n mapkepamu BaktepuansHOi TpaHCNOKaLMK Y NaLMEHTOB B KDUTUYECKOM
COCTOSIHUN?

Crparerus noncka: Victounnku nHdopmaumuu: Pubmed, Scopus, Google Scholar, Web of Science 3a nocnegnue 10 net
(c 2013 no 2023 r). Kpumepuu eKmoyeHUs; BCE WCCneaoBaTenbckie paboTbl, B KOTOPbIX (UrypupoBanu NauueHTbl ¢
MyNbTUOParHHON AnCyHKLMeN, abaoMMHANBEHON MMNEPTEH3NEN, XMPYPrYECKMM 3aD0NEBaHNAMM KeNYLO4YHO-KULLEYHOTO
TpakTa. [lauMeHTOB, HaxXOAALWMXCS B manatax WHTEHCMBHOM Tepanuu, KOTOPbIM MPOBOAMNOCH OnpeaeneHue 6enkos
GakTepumarnbHOM TpaHcnokauun, B yactHocTu |-FABP, npecencuHa, 30HynuHa. A Tak e SKCnepuMeHTanbHble paboTsl ¢
KMBOTHBIMY MO TeM e KpuTtepusam 3a nocnegnve 10 net. Kpumepuu UCKI0YeHUSs: CCNIe[0BaHNS, KOTOpble MyBnnkoBanich
po 2013 roga, a Tak xe paboTbl B KOTOPbIX He ObINO OCHOBHbIX KpUTEpMEB Mowcka (abmoMuHanmbHasi runepTeHans,
MynbTUOpraHHas AUCYHKUMS, He OMpedensnucb Mapkepbl OakTepuanbHoi TpaHcnokauwy). lMauweHTsl go 18 ner,
NaLMeHTbl C TPABMOW MOYEBOTO My3bIps UMM OHKOMOrMyeckumu 3abonesaHusiMu. KnioueBble 3anpockl: MynbTMOPraHHast
AMCyHKUMS, abaoMUHANbHAs TMNEPTEH3US, CUHAPOM MHTpaabgoMuHanbHOM runepTteHaun, |-FABP, npecencuH, 3oHynuH,
3aboneBaHus KENyAOYHO-KULLEYHOTO TpakTa, CEencuc, NOMWOpraHHas HeLOCTaTOMHOCTb. YUWUTbIBas YHUKANbHOCTb
“ccnenoBaHus Obiny BbiSBNEHbI U 0TOBpaHbl 154 cTaTelt cornacHo ctpaterum noucka. /13 154 pabot Obinu paccMOTpeHb!
88 cTaTby OTHOCSLMXCS K TEMe AaHHOW paboTbl.

PesynbTatbl: YpoBeHb npecencuHa BapbupyeT y 3a0poBblX, SIRS, v y nauneHToB ¢ AMarHoCTMPOBaHHBIM CENCUCOM B
npepenax 258,7+92,53 Hr/n, 430,0+141,33 Hr/n, 1508,31866,6 Hr/n COOTBETCTBEHHO. Y NaUWEHTOB C OCTPbIMU
Xvpyprudeckumn 3abonesaHnsamu yposeHs benka I-FABP HamMHOro Bbille, YeM Y NaLUeHTOB B KOHTPOMBHOW rpynne.

AKTyanbHOCTb onpeaeneHns ypoBHs Benka 30HyNnMHa B KPOBM Y NALMEHTOB C MyNbTUOPraHHOM AWUCHYHKLMEN CNOpHOe
1 TpebyeT AanbHenwnX yrnybrneHHbIX UccnenoBaHni.

3akntoyeHne: CormacHO  MpOBEAEHHOMY  MCCMEQOBaHMO,  OMpederneHa  B3aMMOCBS3b  MEXLY  YPOBHEM
WHTpaabgoMuHanbHOW runepTeH3um u Genkamu npecencuH W |-FABP y nauueHTOB € MynbTMOparHHOW AMCHYHKLUMen
pasnnyHoro reHesa. Mccnepgyembiit ypoBeHb GenkoB npecencuH, 3oHynnuH w |-FABP y nauneHToB ¢ MynbTMOpraHHoM
LVCYHKUMEN BBULY ManoMHBA3MBHOCTA W ObICTPOTbI BbIMONHEHUS CMOCOOCTBYIOT CHWKEHMIO YPOBHK) CMEPTHOCTM OT
NocneonepaLyoHHbIX OCTIOXKHEHWIA, a TaK )XE CBOEBPEMEHHOMY XUPYPrUYECKOMY JTEYEHMIO.

Knroyeebie cnoea: uHmpaabdoMmuHanbHasi eunepmH3usi, npecencuH, I-FABP, mynbmuopeaHHas OucehyHKUuS,
abdomuHasnbHas xupypausi, abAoOMUHasbHbIG KOMNapmMMEHM CUHOPOM.
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Kon Af3AJlbl AUCOYHKUUACDHI BAP HAYKACTAPAAfbI
MHTPAABAOMUHANDBAOBbI TMNEPTEH3UA MEH ACKA3AH-ILLUEK
XXONAAPbBIHbIH 3AKbIMOAHY MAPKEPJIEPIHIH ©3APA BAUJIAHLICBI
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©3exTiniri: WHTpaabgomMuHanbabl TUNEpTEH3US CUHAPOMbI KON MyLeni KEeTKIMKCI3hiK 3TUOMOTUSACHIHBIH, XaHe
naumMeHTTepaiH XoFapbl eniMiHiH, Herisri cebenTepiHiH, Gipi Gonbin Tabbinagbl. ByriHri TaHOa ackbiHynapabl epte
[VMarHocTukanay MakcatbiHaa OakTepusnblk TpaHCNoKaLMsHbIH, SpTYpAi MapkepnepiHiH, (npecencuH xaHe i-FABP) xaHe
VAT apacbiHgarbl 6aitnaHbic AeHrediH aHbIKTay ©3ekTi 60nbin Tabbinagbl, OMTKEHI 3epTTEYnep as.

Makcat: OpTypni reHesgiH ayblp XargaibiHgarbl nauveHtTepge VAT koppensuusickl xaHe 6akTepusinbik
TpaHcnokauus Typansl konaa 6ap AepekTepre Tangay xyprisy.

Cypak;: ayblp HaykacTapaa VAT xaHe bakTepusnbik TpaHCnoKaLus Mapkepnepi apacbiiaa koppensuus 6ap ma?

I3gey ctpaterusichl: Aknapat kesgepi: coHfbl 10 xbingarsl Pubmed, Scopus, Google Scholar, Web of Science (2013
Kbingad 2023 xeinFa Aenin). Kocbimy Kpumepulnepi: ken aFsanbl AMCHYHKUMACH!, abaoMUHanNbAbl TUMEPTEH3US XaHe
acKasaH-ileK XongapbiHbIH, XVPYPrysibiK aypynapbl 06ap nauueHTTepdi KamTuTbiH Gaprbik 3epTTey KYMbICTaphl.
bakTepuanblk TpaHcrokauusanblK akybl3gapdbl, atan aiTkanga |-FABP, npecencwH, 30HYNMHAI aHblKTayAaH ©TKeH
peaHumauus GenimwenepiHgeri Haykactap. CoHpai-ak CoHfbl 10 xbin iwiHge Gipaen KpuTepuianepdi KongaHaTblH
XaHyaprapMeH aKcnepuMeHTanabl XymbiC. Aribin macmay kpumepudinepi: 2013 xbinFa feniH xapusnanFaH 3epTreynep,
COHZan-aK Heriari i3gey KpuTepuinepi xoK 3epTTeynep (abgomMuHanbdbl rUNEpTEH3us, ken aFsanapgbiH ANCHYHKUMACHI,
OakTepusanblK TpaHCNoKauuMs Mapkeprnepi aHblkTanmaraH). 18 kacka TONMaraH Haykactap, KyblK )xapakaTbl Hemece
Katepni icii Oap Haykactap. Hezisei cypakmap: Kken ar3anbl [OUCEHYHKUMS, abooMuHanbabl - TUNEepTEH3us,
WHTpaabpoMuHanbabl runepTeH3ust cuHapomsl, I-FABP, npecencuH, 30HynuH, ackasaH-illek aypynapbl, CENCUC, Ken MyLue
XeTkinikciagiri. 3epTTeyaiH, OipereiniriH eckepe oTbIpbIN, i3gey cTpateruscel boMbiHIWA 88 Makana aHbIKTanbin, ipikTengi.
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Hatnxenep: lNpecencuH genreni cay, SIRS xaHe cencuc guarHo3bl KoMbiNFaH HaykacTapaa ComkeciHwwe 258,7+92,53
Hr/n, 430,0£141,33 Hr/n, 1508,3+866,6 Hr/n apanbifbiHaa e3repeqi. XXeaen xvpyprusnblk aypynapbl 6ap Haykactapga i-
FABP akybI3biHbIH AeHreli bakpinay ToObIHAaFbl HayKacTapFa KaparaHaa angekanaa xorapsl.

Ken opranukanblik AncyHKunscbl bap Haykactapaa KaHAarbl 30HYNNH aKybI3blHbIH AEHMENiH aHbIKTayablH ©3eKTifiri
paynbl 6onbin Tabbinagbl XeHe ofaH api TEPEH, 3epTTeyNepai KaxeT eTesi.

KopbITbIHABI: 3epTTeyre Conkec UHTpaabaoMuHanbabl rMnepTeH3ns aeHreni MeH npecencuH meH |-FABP GenokTapbi
apacblHaarbl 6annaHbic 8p Typni LWbIFy Teri ken arF3anapgblH AMChyHKUnacel 6ap HaykacTapaa aHbikTangbl.3epTreyre
Colkec, UHTpaabaoMMHanbabl rMNepTeH3us AeHreli apacbiHaaFbl bannaHbIC aHbiKTanabl. - abgoMuHanbabl runepTeH3us
XOHe op Typni WhIFy Teri ken ar3ankbl AuchyHKumsack 6ap emaenywinepae npecencuH xoHe I-OABI 6enokTapsl.

Ken opraHukanblk ancyHkumscel 6ap emgenywinepae npecencuH, 3oHynuH xoHe |-FABP akybl3aapbiHbiH AeHreliH
3epTTey a3 MHBA3MBTIMIK NEH OpbIHAANY XblgamAablFbiHa GalinaHbICTbl onepaumusagaH KemiHri ackpiHynapaaH 6onatbiH eniv-
XITiM I€HreniH TOMeHAETYre, COHAaN-aK yaKTbIfbl XUPYPrusiblK eMaeyre biknan etegi.

Tyliin ces3dep: abdomuHanbObl eunepmeH3usi, npecencuH, i-FABP, ken myweni OuceyHkuus, abdomuHanbobl

xupypausi, abdomuHanb0b1 KOMNaPMMEHM CUHOPOMBbI.
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Introduction

According to the definition approved in the international
protocol of the World Society of the Abdominal
Compartment  Syndrome (WSACS) (The Abdominal
Compartment Society, 2013), intra-abdominal hypertension
(IAH) is defined as an established or recurrent pathological
increase in intraabdominal pressure (over 12 mmHg) [1,3].
Based on the WSACS (The Abdominal Compartment
Society, 2013) protocol, intra-abdominal hypertension
syndrome is one of the main causes in the etiology of
multiple organ dysfunction and high mortality of patients
[2,3,46]. Intra-abdominal pressure (IAP) is normally a
reflection of intrapleural pressure and is zero or moderately
negative (below atmospheric). Intra-abdominal hypertension
(IAH) is common for critically ill patients in the ICU and is
also an independent predictor of mortality. The main cause
of mortality in the case of |AH is the translocation of
intestinal bacteria and the development of abdominal
sepsis. Many studies conducted under the control of
Intensive Care Units (ICU) have shown that patients in the
ICU, regardless of the underlying disease, suffer from IAH
in 50% of cases [4,5, 50].

An increase in abdominal pressure to the lower normal
limit (i.e. up to 10-12 mmHg) can be observed with an
increase in waist size (one of the indicators of obesity, since
the diaphragm and portal vein are compressed), as well
after laparoscopic manipulations [5,6,48]. The persistence
of high level of abdominal pressure leads to compartment
syndrome. Therefore, in closed abdominal cavity it
interrupts the normal blood supply to the abdominal organs,
after which appears necrosis of the internal organs. [1,7].

In the case of peritonitis, pancreatic necrosis, and
severe combined trauma, a significant increase in pressure
was noted in 30% of patients, and the development of IAHS
in 6% of such patients [7,8,51].

The main purpose of this paper is to analyze the
available data on the correlation between IAH and markers
of gastrointestinal injury in patients with multiple organ
dysfunction.

Multiple organ dysfunction syndrome (MODS) or
multiple organ failure is characterized by the dysfunction of
two or more organs due to infection, shock, or injury [9].
There are several scoring systems developed to assess the
severity of a patient’s condition, one of the first is the MOF
(Multiple Organ Failure) scoring system, which uses points
to determine the state of the systems, i.e. respiratory,
cardiovascular, urinary, hepatobiliary, hematological,
gastrointestinal, or nervous. In addition, no less relevant is
the SOFA (Sepsis-Related Organ Failure) scoring system,
which was created to quickly calculate and describe
complications in critically ill patients caused by multiple
organ failure with septic syndrome [3,26].

Sepsis induces MODS, damaging organs at the cellular
level, disrupting the regulation of the immune response, and
forming organic damage [10,11]. Using the example of the
gastrointestinal tract, it is worth noting that there are very
few papers on the relationship between sepsis, multiple
organ dysfunction, and intestinal wall permeability. It has
been revealed that systemic inflammation negatively affects
the intestinal wall permeability, disrupting its protective
barriers and inducing bacterial translocation. Therefore,
bacterial cells from the intestines enter the circulating blood,
thereby forming a “vicious circle.” Moreover, Peng Chen et
al. (2018) conducted an experiment with a group of mice
that received fecal microbiotic transplantation (FMT) from
patients with sepsis (main group) and compared it with a
healthy group of mice (control group). As a result, it was
revealed that the main group of mice had more
inflammatory damage to the intestine with the subsequent
formation of enteric eubiosis and their intestine became the
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main root cause of sepsis and the formation of MODS,
which once again proves the correlation between the
activity of the intestinal wall permeability and the systemic
inflammatory response with the formation of multiple organ
dysfunction.

The main purpose of this review paper is to collect
information regarding the relationship between intra-
abdominal hypertension and markers of bacterial
translocation, particularly, such markers as presepsin (s-
CD-14), fatty acid binding protein (I-FABP), zonulin in
critically il patients.

Search strategy.

The search for papers was carried out on Pubmed,
Scopus, Google Scholar and Web of Science platforms
over the past 10 years (from 2013 to 2023). The search
strategy included: [abdominal hypertension/OR intra-
abdominal hypertension/AND presepsin/OR exp abdominal
surgery/] AND [exp abdominal compartment syndrome/OR
exp abdominal pressure/OR exp intraabdominal
hypertension/OR  intraabdominal ~ pressuremp  OR
abdominal compartment.mp OR exp intra-abdominal hyper-
tension/or intra-abdominal pressure.mp] AND [risk*.mp OR
predict‘mp] AND [abdominal hypertension/OR intra-
abdominal hypertension/AND |-FABP /OR exp abdominal
surgery/] AND [abdominal hypertension/OR intra-abdominal

hypertension/AND multi organ disfunction /AND |-FABP
/AND sCD14].

Inclusion criteria: all research papers that included
patients with multiple organ dysfunction, abdominal
hypertension, and surgical diseases of the gastrointestinal
tract. Patients in intensive care units who underwent
detection of bacterial translocation proteins, particularly, I-
FABP, presepsin, and zonulin. In addition, experimental
papers with animals using the same criteria over the past
10 years.

Exclusion criteria; studies that were published before
2013, as well as studies that did not have the main search
criteria (abdominal  hypertension, multiple  organ
dysfunction, markers of bacterial translocation were not
detected). Patients under 18 years of age, patients with
bladder injury or cancer.

Key requests: multiple organ dysfunction, abdominal
hypertension, intra-abdominal hypertension syndrome, |-
FABP, presepsin, zonulin, gastrointestinal diseases, sepsis,
multiple organ failure.

Considering the uniqueness of the study, 154 papers
were identified and selected according to the search
strategy. Of the 154 papers, 88 related to the topic of this
paper were reviewed on available platforms. A schematic
search strategy is presented in Figure 1.

Searching articles on platforms
PubMed (69), Web of Science (15),
Google Scholar (6), Scopus (2)

Articles, which are
published during last 10
years 2013-2023
- 88

—

v

Exclude criteria:
articles about patients with bladder
injury/rupture, cancer

v

Articles reviewed
fundamentally:

- prospective 24

v

- reviews - 38

excluded
- pregnant patients
- patients who are under 18 yo

Articles that did not meet the criteria:

- studies which are published before 2013 y

retrospective 5
case-control 11
clinical case 3
clinical guidelines 7

Figure 1. Search strategy.

Results and discussions

Relationship  between
translocation.

Based on clinical data, it is well known that intra-
abdominal hypertension associated with surgical and
therapeutic diseases is identified. It is proved that the level
of IAH and the degree of progression of surgical or
therapeutic complications do not have a clear correlation
[12,13,14]. However, some studies have noted the
identification of early markers of organ dysfunction, which
makes them a necessary diagnostic tool [15,26]. A parallel
increase in intra-abdominal hypertension and the level of
biomarkers indicate organ injury at an early stage.

It is also known that after surgical treatment or injury,
there is an increase in intra-abdominal hypertension and, as
a result, damage to enterocytes and their strong bonds
[16,29]. Further, toxins, bacteria, and undigested waste

IAH and bacterial

products can pass through the strong bond of the
enterocytic barrier, which consists of a network of Tj
proteins [34,78], penetrate into the vascular layer, and
cause an inflammatory reaction, which is the onset of the
process of multiple organ dysfunction that leads to death.
Peptides that are released due to disruption of the
enterocytic barrier and strong enterocytic bonds are ideal
markers for identifying, due to early IAH, disruption of the
intestinal barrier [17,18].

As a result of intestinal hypoperfusion due to increasing of
intraabdominal pressure (more than 12 mm), ischemia of the
mucous membrane and tissue acidosis appears and its barrier
function is disrupted so, as a result, translocation of bacteria
through the intestinal wall occurs with the generalization of the
infectious process, also endotoxsins comes out, which provoke
a cascade of cytokines into the blood from the intestinal lumen
[20,21]. Translocation of bacteria from the ischemic intestinal
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mucosa into the portal system and sepsis are a consequence
of intra-abdominal hypertension.

That process in the case of intra-abdominal pressure of
over 25 mmHg develops within one hour. Ischemia of the
mucosa of the small intestine and portal hypertension
developed in view of "compression" are the causes of
edema of internal organs, which further increases the
volume of the contents of the abdomen and thus
aggravates the course of |AH [23,24], forming the so-called
"vicious circle". Peptides (such as |-FABP, presepsin, etc.)
that are released as a result of disruption of the integrity of
the enterocyte under the influence of IAP are ideal
biomarkers that help identify in a non-invasive way patients
with early IAH and pathology of the gastrointestinal tract in
patients in the intensive care unit.

Presepsin or sCD14 and gastrointestinal diseases.

To date, an early biomarker of bacterial translocation,
which was discovered by Japanese scientists in 2005,
presepsin or sCD14, is identified in the blood of patients
even before the clinical manifestation of sepsis [25,85]. This
is a glycoprotein weighing about 55 kDA, which is detected
on the surface of monocytes, macrophages, neutrophils,
and other myeloid cells. It also reacts in a timely manner
with the effectiveness of therapy, which is an undoubted
advantage in comparison with other diagnostic methods
presented in the existing protocols [26,81].

One of the first studies in experimental conditions of the
relationship between the level of the sCD-14 marker and
the level of intra-abdominal pressure was carried out by D.
N. Matyushko in his dissertation paper (2016). 10 groups of
animals (rats) were formed, 1 control group + 9
experimental groups. In each group, the intra-abdominal
pressure was artificially created by introducing gas through

2 B3 3 B3 ¢

g0 o3 1

2000+ K

sCD14

10001 =

the abdominal wall using a needle, that s,
pneumoperitoneum was created. Next, an exposure of 3-4
hours was ensured. Together with experts from the E.A.
Buketov Institute, a special device to measure intra-
abdominal pressure was created. In all animals from 10
groups, intra-abdominal pressure was invasively measured
and blood was taken to identify the sCD-14 marker, among
other things. As a result, it was found that in the control
group, the level of presepsin was normal and in groups
where pneumoperitoneum was created and intra-abdominal
pressure was over 12 mmHg, presepsin (s-CD-14) was 7-
10 times higher, which indicates of an immediate reaction of
this marker in response to the release of gram-negative
flora due to increased intestinal wall permeability [52,85].

Presepsin levels vary in healthy patients, SIRS
(systemic inflammatory response syndrome) patients, and
patients with diagnosed sepsis within the range of
258.7+£92.53ng/L, 430.0+141.33ng/L, 1,508.3+866.6ng/L,
respectively [48]. Studies published in leading journals have
shown that the level of presepsin in the blood of patients
with IAH of over 16 mmHg has a direct correlation and
therefore, it is the main biomarker for the development of
IAH and timely treatment of sepsis even before the
development of the clinical picture [53,82]. According to
studies, the level of the sCD14 marker increases depending
on the level of IAH in patients with various surgical
diseases. The paper by Mugazov M et al. (2019) presents a
correlation diagram of the presepsin marker with groups of
patients with IAH of grades 1-4. Groups were distributed
according to the level of IAH, i.e. group 1 with IAP within the
normal range of 0-4 mm Hg (control group), group 2 with
IAP of 5-15 mmHg, group 3 with IAP of 16-25 mmHg, and
group 4 with AP of 26-35 mmHg [54,83,84].

As a result, the average value of the
macropresepsin in groups with IAP greater than
12 and under 35 mmHg increased from 246 to
800 pg/mL, respectively [55].

Fatty acid binding protein, intestinal form
(I-FABP), and gastrointestinal diseases.

The highest levels of this protein were
detected in critically ill patients in the ICU after

IAP Groups

2000 1

sCD14

1000 1

surgical treatment - left-sided hemicolectomy;
according to the authors, the cause was
devascularization of the intestine during
colectomy [61,62]. Moreover, an increase in |-
FABP levels was observed in patients with
irritable bowel syndrome (IBS) with diarrhea and
in patients with strangulation obstruction of the
small intestine, respectively. According to the
authors, with a sensitivity of 100% and specificity
of 83%, it can serve as a sign of necrosis of the
small intestine [31,63].

Based on the published results, it can be
concluded that there is a clear correlation

IAP Group

Figure 2. The influence of intra-abdominal hypertension on the
course of acute surgical diseases of the abdominal organs

(prospective clinical study). (Mugazov M. et al. (2019))

between the level of I-FABP and the degree of
intestinal ischemia or devascularization, as well
as the inflammatory process.

According to the current data from the study,
patients with abdominal trauma experience an
increase in the level of fatty acid binding protein,
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which in turn correlates as well with the level of
hemorrhagic shock caused by the trauma. As part of the
study, groups of patients with abdominal trauma and
hemorrhagic shock, as well as patients without trauma but
with shock, were created [64,65]. Subsequently, it turned
out that in the group of patients without abdominal trauma
but with hemorrhagic shock, the level of I-FABP increased
dramatically on the first day of the disease. This suggests
that fatty acid binding protein levels increase immediately in
response to intestinal wall hypoperfusion [32,33]. The level
of I-FABP is most sensitively detected in blood plasma by
enzyme-linked immunosorbent assay (ELISA) [34,35].

According to the table (Table 1), in patients diagnosed
with mesenteric thrombosis and gallbladder disease, as well
as perforated gastric ulcer, the level of I-FABP is much
higher than in patients from the control group [36,69,70].

Consequently, the researchers concluded that the
determination of the I-FABP protein is a promising method
for diagnosing diseases associated with the activation of
bacterial intestinal translocation.

Table 1.
I-FABP level in various pathologies (Ozlem U. and ect
2014 y. Can Intestinal Fatty Acid Binding Protein (I-
FABP) Be A Marker in the Diagnosis of Abdominal

Pathology?)

Diseases I-FABP level
Nonspecific abdominal pain 53.5+55.7
("acute abdomen")
Appendicitis 73.9+131.4
Gallbladder diseases 290.8+£708.5
Colon diseases 130.84£221.9
Pancreatitis 112.1+167.1
Mesenteric thrombosis 708.6+669.1
Ovarian diseases 129.3+261.2
Gastritis, stomach ulcer 65.1£34.1
Urolithiasis, nephrolithiasis 40.7£32.1
Hernias 76.64£97.3
Perforated stomach ulcer and 438.1
duodenal ulcer
Control group 61.4+47.4

Zonulin and gastrointestinal diseases.

Zonulin (the molecular weight of which is 50 kDa) is a
protein that forms a network of Tj proteins located on the
membrane of intestinal epithelial cells and consisting of two
classes of proteins - claudins - sealing and vapor-forming,
as well as other integral proteins. They form strong
interepithelial bonds, which in turn limit intercellular
transport [66,67,68]. Disruption of these protein complexes
leads to destabilization of the intestinal wall permeability.
The consequence of the above process leads to the
penetration of pathogenic microorganisms, which stimulate
the development of systemic inflammatory reactions and
allergies, into the bloodstream. Zonulin is mainly detected in
feces and blood. The detection of zonulin in the blood
indicates the penetration of this protein from the intestinal
lumen into the intercellular space of the intestinal epithelium
and its detection in the feces indicates the rate of its
production in enterocytes. A study conducted by G.P
Caviglia et al. (2019) shows that it is more appropriate to
identify the level of zonulin in the blood since a correlation

was found between the level of zonulin and the duration of
the disease, while in feces, there was no connection
between the level of zonulin and the course of the disease
[37,38]. Studies have shown that the level of zonulin in the
blood when the intestinal wall permeability is impaired
remains for 24 hours from the moment the process begins
and it returns to normal after two days. However, given the
fast half-life of the protein (up to 4 hours), researchers
recommend detecting the presence of antibodies to it in the
blood, i.e. IgG and IgM. In addition to enterocytes, zonulin is
also secreted by cells of the liver, brain, lungs, kidneys, etc
[73,74]. By regulating the intestinal wall permeability,
zonulin helps wash out bacteria and intestines. An increase
in zonulin levels has been recorded in diseases that impair
intestinal barrier function, i.e. diabetes mellitus, celiac
disease, Crohn's disease, oncology diseases, and surgery,
respectively [39,40]. An increase in intra-abdominal
pressure due to the development of various diseases,
including surgical interventions, induces a violation of the
intestinal barrier, which in turn precedes the development of
inflammatory bowel diseases. The penetration of antigens
from the intestine into the bloodstream stimulates the
body’s inflammatory immune response, which results in a
violation of the intestinal wall permeability and therefore the
so-called “vicious circle” is formed [41,42]. A study by G.P
Cavigla et al. (2019) confirms the presence of a direct
relationship between the level of zonulin and inflammatory
bowel diseases (Crohn's disease, nonspecific ulcerative
colitis, etc.). However, there are studies, in which the
authors did not find a connection between zonulin levels
and inflammatory bowel diseases induced by or without
IAH. The authors explain this by the fact that the secretion
of zonulin is possible not only by enterocytes but also by
other cells [43,44]. The zonulin level in the study correlated
with such criteria as body mass index, waist size, blood
pressure, etc. Obesity occupies a special place among the
criteria for increased zonulin levels. This relationship is
currently being studied in clinical trials. It is known that,
particularly, abdominal obesity causes increased intra-
abdominal pressure and, as a consequence, impaired
perfusion of the intestinal wall, which results in possible
bacterial intestinal translocation [45,75]. It is assumed that
the level of intestinal zonulin identified in the blood of
patients with abdominal obesity and other metabolic
disorders is a predictor of other related diseases associated
with impaired intestinal wall permeability [76,77].

Conclusion.

Based on the analysis of papers and reviews in
Pubmed, Scopus, and Web of Science publication
databases, it can be argued that a few publications are
devoted to the relationship between the level of markers of
gastrointestinal injury and intra-abdominal hypertension in
patients with multiple organ dysfunction. Recently, the
relationship between the level of intra-abdominal
hypertension and markers of bacterial translocation has
been actively studied, which gives practitioners the
opportunity to increase the number of clarifying non-
invasive methods for diagnosing patients in intensive care
units. The mortality rate of patients with diagnosed multiple
organ dysfunction associated with increased abdominal
pressure exceeds 80%, which proves the need for early
diagnosis of immediate response markers, such as
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presepsin, fatty acid binding proteins, and zonulin. Most
studies reveal the need and benefit of blood testing for
sCD-14 and I-FABP but results for zonulin proteins remain
controversial, which suggests the need for further in-depth
research.
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