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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Acute pancreatitis (AP) is an inflammatory disorder
with an unpredictable course, ranging from mild self-limiting forms to
necrotizing pancreatitis with multiple organ failure. Despite advances
in imaging and scoring systems, early severity prediction remains a
major challenge. Circulating biomarkers have gained attention as tools
for improving diagnostic precision and patient risk stratification.

Aim: To summarize and ccomprehensively evaluate current literature
on serum biomarkers used or proposed for predicting acute pancreatitis
severity and complications, and to determine their prognostic and
clinical value for potential integration into existing scoring systems.

Materials and Methods: A comprehensive search of PubMed,
Scopus, Google Scholar, and The Cochrane Library identified
retrospective and prospective studies assessing diagnostic and
prognostic performance of biomarkers - C-reactive protein (CRP),
procalcitonin, lipase, angiopoietins (ANG-1, ANG-2), fibrinogen-like
proteins (FGL1, FGL2) and interleukins (IL-6, IL-38).

Results: Classical biomarkers (CRP, procalcitonin, nitrogen, protein,
and electrolyte indicators) retain diagnostic relevance but show
limited specificity. Emerging markers (angiopoietin-2, FGL1, FGL2,
cytokines, D-dimer) demonstrate higher sensitivity and prognostic
accuracy for organ failure and necrosis, though clinical use remains
limited by cost and lack of multicenter validation.

Conclusion: Serum biomarkers hold significant potential for
improving early severity prediction in AP. Integrating novel and
traditional markers with scoring systems may enhance diagnostic
accuracy and guide timely intervention. Further multicenter studies are
required for clinical validation and implementation.

Key words. Acute pancreatitis, prognostic biomarkers, C-reactive
protein, procalcitonin, angiopoietin-2, interleukin-6, fibrinogen-like
protein 2 (FGL2), D-dimer, and risk prediction.

Introduction.

Acute pancreatitis is the most common pancreatic disease
worldwide. Severe pancreatitis occurs in 20% of patients, driven by
the increasing prevalence of obesity and comorbidities. Data from the
US National Center for Health Statistics (NCHS) indicate that 275,000
hospitalizations due to acute pancreatitis are recorded annually in
the United States, with healthcare costs amounting to $2.5 billion. A
retrospective analysis in the US over a ten-year period (2002-2012)
also found a 13.2% (p < 0.001) increase in hospitalizations due to acute
pancreatitis, highlighting the growing epidemiological significance of
this disease [1-4].

Clinical manifestations of acute pancreatitis (AP) differ markedly
from mild forms, as evidenced by pancreatic necrosis, the development
of multiple organ failure, and other life-threatening complications,
leading to death. Treatment affects the development of pancreatic
necrosis, particularly during the development of pancreatic necrosis,
representing one of the unsolved problems in clinical surgery. The
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mortality rate for severe acute pancreatitis reaches 20%, and for
infected pancreatic necrosis, 25% [5].

Timely assessment of the severity of the disease is of key importance,
especially in the first 24 hours, as this period is considered a "window
of opportunity" for preventing pancreatic necrosis. Various clinical
scales, such as Ranson, APACHE II, and BISAP, as well as biomarkers
of inflammation and pancreatic injury, are used to assess the severity of
AP [6]. The term "biomarker" was defined by the US National Institutes
of Health as "a characteristic that is objectively measured and evaluated
as an indicator of normal biological processes, pathological changes,
or pharmacological response to therapy." Biomarkers are an important
component in the diagnosis and prognosis of the inflammatory process
in the pancreas. Existing studies of existing biomarkers in acute
pancreatitis do not have sufficient accuracy and specificity, which
dictates the study and implementation of new serum markers [7-9].

The novelty of this study lies in the fact that while traditional
biomarkers such as C-reactive protein and procalcitonin have already
proven their clinical value in assessing the severity of acute pancreatitis,
the role of new indicators-angiopoietin-2, fibrinogen-like proteins,
cytokines, and D-dimer - remains debated and requires further clinical
validation. The practical significance of this analysis lies in the fact that
comparing traditional and promising markers allows us to identify the
most informative indicators for the early prediction of complications.
This literature review presents the results of recent studies, providing
a basis for the development of combined prognostic models and their
implementation in clinical practice.

Aim.
To provide a comprehensive narrative synthesis of serum biomarkers
with distinct pathogenetic mechanisms involved in acute pancreatitis

and to evaluate their prognostic value in stratifying disease severity and
predicting complications.

Materials and Methods.

This structured narrative review summarizes published studies on
serum biomarkers that predict the severity of acute pancreatitis. The
literature was searched in PubMed, Scopus, The Cochrane Library, and
Google Scholar databases. This allowed the inclusion of both early and
recent research related to diagnostic and prognostic aspects of acute
pancreatitis.

The search was performed using the following keywords: acute
pancreatitis, prognostic biomarkers, C-reactive protein, procalcitonin,
angiopoietin-2, interleukin-6, fibrinogen-like protein 2 (FGL2),
D-dimer, and risk prediction. Reference lists of selected articles were
reviewed to identify additional relevant publications.

We included retrospective and prospective human studies that
evaluated the prognostic accuracy of serum biomarkers, such as CRP,
procalcitonin, angiopoietins, cytokines, pancreatic enzymes, and
coagulation markers. Studies that compared biomarker performance
with clinical scoring systems (APACHE 1I, BISAP, Ranson) or
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reported correlations between biomarker levels and disease outcomes
were also included.

We excluded studies with participants under 18 years of age,
experimental work on animals, conference abstracts, editorials, and
articles without peer review or without data on the prognostic value
of biomarkers.

Results were organized by biomarker category - inflammatory,
vascular, enzymatic, and emerging markers - to provide a logical
overview of their role in predicting the severity of acute pancreatitis.

Results and Discussion.

In the course of the literature review, we examined classical
biomarkers of systemic inflammation, including C-reactive protein
(CRP) and procalcitonin, along with parameters reflecting electrolyte
balance, protein and nitrogen metabolism, hematological indices, and
pancreatic enzyme activity. In addition, emerging biomarkers such as
cytokines, D-dimer, angiopoietins, and fibrinogen-like proteins were
analyzed for their potential diagnostic and prognostic significance.

Biomarkers of systemic inflammation.

C-reactive protein (CRP): Currently, CRP is the only standard
biochemical marker for predicting the severity of AP [10]. Studies
show that an increase in CRP above 150 mg/L on the third day from
the onset of the disease is a significant indicator of severe AP [11].
CRP measured 48 hours after hospitalization demonstrated high
prognostic accuracy for severe acute pancreatitis (SAP), pancreatic
necrosis, and in-hospital mortality. The area under the curve (AUC)
values were 0.81 for SAP, 0.77 for pancreatic necrosis, and 0.79 for
in-hospital death. The optimal cutoff values of CRP for predicting SAP
and pancreatic necrosis were 190 mg/L, and for in-hospital death — 170
mg/L, making this indicator key for early prediction of complications
of acute pancreatitis [ 12]. However, this marker is not specific and may
be elevated in other inflammatory processes.

Procalcitonin:

Procalcitonin is a simple and practical marker that can be used
for early diagnosis and monitoring of prognosis of severe acute
pancreatitis [13]. According to the results of a multicenter study, a
procalcitonin value of >3.5 ng/ml for 2 days with a sensitivity of 93%
and a specificity of 88% corresponds to an assessment of the risk of
infected necrosis with multiple organ failure syndrome or mortality
[14]. The use of procalcitonin in acute pancreatitis may contribute to
the rational use of antibiotic therapy [15]. Also, procalcitonin levels
on admission correlate with the length of hospital stay and the need
for intensive care, exceeding CRP levels in prognostic significance. A
cutoff value for plasma procalcitonin >2 ng/ml was found to be 100%
sensitive and 100% specific [16]. However, despite its high prognostic
efficacy, procalcitonin is not widely used in clinical surgery [17].

Indicators of nitrogen metabolism.

Creatinine: In the early stages of AP, hemodynamic changes
often occur, which can lead to acute kidney injury and dynamic
fluctuations in serum creatinine levels [18]. Creatinine and estimated
glomerular filtration rate measured on admission (p <0.001, p <0.001,
respectively) and after 48 hours (p = 0.001, p < 0.001, respectively)
were significantly associated with the presence of pancreatic necrosis
[19]. Although creatinine is widely used in clinical practice, it has
limitations: its level depends not only on glomerular filtration, but
also on tubular secretion, which can be influenced by external factors,
including drugs [20].

Urea: Blood urea nitrogen, as a surrogate marker of intravascular
volume, is used to assess the response to fluid therapy in acute
pancreatitis [21]. An increase in blood urea nitrogen levels at 24 hours
was the only significant predictor of mortality (p = 0.000; OR: 12.7;
95% CI: 4.1-38.2) [22]. BUN threshold of 7.8 mg/dL on admission
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was associated with an increased risk of mortality (OR = 2.9), whereas
a decrease in the level by >5 mg/dL at 24 hours reduced the risk of
mortality to 0%—-3.2% [23]. A large cohort study showed that serial
measurement of blood urea nitrogen levels is the most informative
routine test for predicting mortality in AP [24].

Indicators of electrolyte balance.

Sodium (Na): Despite the availability of laboratory sodium
measurement in hospital settings, its role in predicting outcomes
remains poorly understood. Hyponatremia (sodium <133 mmol/L) is
significantly associated with an increased risk of mortality compared
with levels >133 mmol/L (p = 0.013) [25]. This issue clearly requires
further research.

Potassium (K): Serum potassium is one of the standard and widely
used laboratory parameters in clinical practice. However, there are no
studies establishing an optimal cutoff value of serum potassium for
assessing the severity of acute pancreatitis. Some experimental studies
have explored potassium transport and homeostasis in pancreatic cells
[26,27], but their findings remain basic and not directly applicable to
clinical prognostication.

Calcium (Ca): Unlike Na and K, the pathophysiological aspects of
calcium as a biomarker have been studied in more detail. Dysregulation
of Ca?>* homeostasis in acute pancreatitis leads to the loss of
mitochondrial integrity and cell necrosis [28]. Disease triggers induce
either excessive release of acinar Ca?* or failure of the mechanisms that
maintain its low basal concentration, which leads to calcium toxicity,
a key trigger in the pathogenesis of acute pancreatitis [29,30]. Serum
calcium showed independent prognostic value for disease severity in
logistic analysis (HR 0.21; 95% CI: 0.08-0.58; p = 0.002); A threshold
of 1.97 mmol/L predicted POF with an AUC of 0.888, a sensitivity of
89.7%, and a specificity of 74.8% [31].

Hemogram parameters.

Red blood cell distribution width (RDW): RDW has been proposed
as an early prognostic marker associated with increased mortality
in various pathophysiological conditions [32]. A retrospective
cohort study showed a proportional relationship between RDW and
mortality in septic shock, confirming its role in assessing the systemic
inflammatory response and predicting AP outcomes [33]. RDW =
14.2 (CI 95%), the sensitivity and specificity for predicting mortality
were 75.0% and 89.8%, and Kaplan-Meier analysis demonstrated an
increased likelihood of death with high RDW values [34]. This simple
routine parameter is already available upon patient admission [35].
However, due to the weakness of the existing studies due to limited
sample sizes, further well-designed studies with larger sample sizes
and different endpoints are needed to rigorously evaluate the prognostic
value of RDW in AP [36].

Hematocrit: Hemoconcentration is an important factor influencing
the progression of severe acute pancreatitis [37]. Hematocrit is a simple
and accessible test used to predict the severity of AP [38]. Studies
conducted in 2004 and 2006 reached similar conclusions that the
prognostic utility of hematocrit as an independent biomarker remains
controversial. Hematocrit on admission (>44%) demonstrated low
sensitivity (52.9%) in predicting necrosis, and its failure to normalize in
the first 24 hours did not predict the development of severe pancreatitis
[39,40]. Studies conducted in 2005 and 2024 also confirmed the
unreliability of hematocrit as a prognostic marker and indicated that,
given the approximately 75% prevalence of mild acute pancreatitis,
admission hematocrit does not provide additional prognostic value and
is not a significant independent predictor of disease severity [41,42].
Multicenter studies with large samples are needed to obtain more
accurate conclusions.

Neutrophil to lymphocyte ratio (NLR):

NLR is an easily accessible and simple routine parameter that can be
rapidly calculated using a complete blood count [43]. This parameter is



superior to total white blood cell count in predicting adverse outcomes
in acute pancreatitis [44]. An elevated NLR in the first 48 hours after
admission is associated with severe disease and is an independent
negative prognostic factor [45]. The optimal cutoff level remains
controversial, demonstrating significant variability between studies.
The Spearman correlation coefficient was -0.109 (p =0.763), indicating
no cutoff effect. The sensitivity (61.6%) and specificity (93.8%) confirm
the heterogeneity of the data. Further studies using subgroup analysis and
meta-regression are needed to clarify the sources of heterogeneity [46].

Pancreatic enzymes.

Serum amylase: Serum amylase levels have traditionally been used
to diagnose AP [47]. Over the past 20 years, numerous comparative
studies have been conducted evaluating the efficacy of lipase and
amylase in diagnosing this disease. One such study found that the
sensitivity of serum lipase was 96.6% and the specificity was 99.4%,
while for amylase these figures were 78.6% and 99.1% [48]. Similar
results have been noted in other studies, demonstrating the advantage
of lipase as a diagnostic marker.

Despite the widespread use of amylase, its level correlates poorly with
the severity of the disease [49]. Based on the results of a retrospective
multicenter study was proposed to use the ratio of the amylase level
on the second day to its level on the first day. With a threshold value
of 0.3, this ratio achieved a sensitivity of 92.0% and a specificity of
33.8%. Based on these data, it is recommended to transfer patients
with a ratio >0.3 to the intensive care unit. However, the authors note
that 48 hours are required to calculate this indicator, which limits its
use as a predictor of TAP in the first 24 hours after patient admission
[50]. Furthermore, the serum amylase levels 3 hours after endoscopic
retrograde cholangiopancreatography (ERCP) can serve as a marker
for predicting procedure-associated acute pancreatitis. Moreover, the
optimal amylase threshold values differ by gender: 357 U/L for women
and 436 U/L for men [51].

Serum lipase: Despite the recognition of lipase as a more sensitive
and specific test internationally, amylase remains a routine test [52].
The sensitivity of serum lipase in AP varies from 82 to 100% [53].
Serum lipase levels >10,000 U/L at the time of patient admission are
a marker of biliary etiology of AP and virtually exclude alcoholic
pancreatitis [54]. However, none of the enzyme tests are informative for
assessing the severity and have prognostic value for the development
of complications [55]. Cases of AP with normal serial levels of lipase,
serum amylase, and urinary amylase have also been described [56].

Thus, serum pancreatic enzymes are not informative enough for
timely prediction of the development of complications and effective
assessment of the severity of organ damage.

Protein metabolism marker.

Albumin: Hypoalbuminemia within the first 24 hours of
hospitalization, as a risk factor, was independently associated with
an increased risk of persistent organ failure and mortality in AP [57].
Hypoalbuminemia also correlated with the presence of pleural effusion
and mortality (P = 0.000) [58]. The RDW-albumin ratio and albumin-
bilirubin ratio were described as promising prognostic indicators
of TOP, comparable in performance to the Ranson, BISAP, SOFA,
SAPS-II and APACHE-II scales [59,60]. Thus, the level of serum
albumin as a prognostic marker of organ failure and the development of
complications in acute pancreatitis is significant with hypoalbuminemia
below 25 g/1, which allows the use of this indicator in predicting the
outcome of pancreatic damage [61].

Promising markers under study for predicting the severity of
acute pancreatitis.

D dimer:

D-dimer plays a significant role in the impairment of the blood
coagulation system associated with the severity of the disease. A
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1.5-fold increase in D-dimer levels indicates a severe form of AP
[62]. A D-dimer value of 414.00 ng/L at admission showed the
best performance in predicting AP with a sensitivity of 90% and a
specificity of 89% [63]. The risk of death in patients with AP and a
mean D-dimer level of 0.4-0.8 mg/L was 11.2 times higher compared
to patients with a mean D-dimer level of 0.2-0.4 mg/L at admission
[64]. Furthermore, D-dimer can be used to predict the incidence of
infectious complications of AP [65].

Thus, D-dimer measurement is a simple, accessible and inexpensive
method for early prediction of the severity and complications of TOP [66].

Cytokines (Tumor Necrosis Factor (TNF) and Interleukins):
Tumor necrosis factor (TNF-a) is a pleiotropic cytokine that plays a key
role in the progression of the systemic inflammatory response with the
development of dysfunction of vital organs [67]. TNF-a initiates and
propagates almost all the consequences of the systemic inflammatory
response syndrome, which enhances the inflammatory process [68]. A
study by Surbatovic Maja and co-authors (Serbia, 2013) showed that
TNF-a is a significant prognostic marker in TOP. TNF-a levels below
7.95 pg/ml are associated with a 3.2-fold increased risk of developing
multiple organ dysfunction syndrome, while levels above 10.5 pg/ml
increase the likelihood of survival by 4.8 times. The sensitivity and
specificity of these indicators are approximately 83% and 73—77%,
respectively [69].

Interleukins are a marker of inflammation and an important tool for
predicting the severity and monitoring patients with AP. Since cytokine
concentrations increase earlier than acute phase proteins, many clinical
studies have been conducted to evaluate the usefulness of cytokines
such as interleukin (IL)-1, IL-6, IL-8, IL-10, and IL-18 [70]. TNF-a
and IL-1 are known to stimulate the release of IL-6 and IL-8 [71]. IL-
6, IL-8, IL-10, and CRP were evaluated to predict outcomes of acute
pancreatitis. An IL-6 level >28.90 pg/ml, measured within the first 48
hours of disease onset, with a sensitivity of 62.8%, specificity of 80%,
and a positive predictive value of 95.6%, demonstrated the best result
among the studied biomarkers for predicting the progression of severe
pancreatitis [72]. The binomial logistic regression was performed to
evaluate the Ranson criteria, as well as the levels of IL-6, IL-8, and
IL-10 (measured upon admission and after 48 hours). It was found that
the best predictor of the severity of acute pancreatitis was the IL-6 level
measured 48 hours after admission (AUC = 0.84) [73].

However, the use of cytokines in routine clinical practice is limited
by their low availability and high cost. Furthermore, many cytokine
studies were conducted in animal models and were not included in this
review.

Angiopoietins (ANG-1, ANG-2):

Angiopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2) are autocrine
peptides that regulate endothelial permeability. Ang-1 reduces
vascular permeability and protects against vascular leakage, while
Ang-2, conversely, promotes its increase. A 2010 collaborative study
conducted across the United States and Germany demonstrated that
elevated Ang-2 levels are a reliable marker of multiple organ failure.
In patients with severe AP, Ang-2 levels remained significantly higher
than in patients with mild AP during the first 7 days of illness. Ang-
1 levels did not differ significantly between groups [74]. Ang-1 and
Ang-2 act as an agonist-antagonist pair, mediating capillary endothelial
leakage. The Ang-2/Ang-1 ratio is used as an indicator of capillary
endothelial damage: the higher this ratio, the more severe the damage
[75]. Ang-2 is associated with various diseases, including inflammatory
disorders. It is found in endothelial cells at sites of vascular remodeling,
where its autocrine action attenuates endothelial cell interactions with
pericytes and other surrounding cells [76]. Early plasma Ang-2 levels
are an accurate predictor of acute myocardial infarction, multiple organ
failure, and infectious complications [77].

In addition, Ang-2 can differentiate patients with systemic organ
failure from those with mild AP (AUC = 0.88, 95% CI 0.78-0.94)



and those with moderately severe AP (MSAP, AUC = 0.74, 95% CI
0.63-0.83) [78]. In the studies of Qing Huang et al. (China, 2020), it
was noted that Ang-2 has proven itself as a promising predictor of the
severity of acute pancreatitis [79].

Thus, the most accurate biomarker for predicting the risk of
complications of acute pancreatitis is Ang-2, which indicates the
possibility of its use in clinical practice.

Fibrinogen-like proteins:

Fibrinogen-like protein 1 (FGL1) is a novel hepatokine belonging
to the fibrinogen family. FGL1 induces hepatocyte proliferation and
promotes liver injury repair by activating epidermal growth factor
receptor (EGFR) and SRC-dependent signaling pathways [80].

Most studies on the efficacy of FGL1 have been conducted in
animal models (rats), while human data are still limited. FGL1 and
procalcitonin (PCT) showed similar sensitivity (83.33%) in predicting
severe acute pancreatitis (SAP), while the specificity of FGL1 was
higher than that of PCT (94.12% vs. 88.24%). The combined use of
these indicators proved to be more accurate (AUC: 0.96; sensitivity -
91.67%; specificity - 98.04%). In infectious pancreatic necrosis, CRP
demonstrated higher sensitivity compared to FGL1 (100% vs. 77.78%),
but the specificity of CRP was lower (79.63% vs. 87.04%) [81].
FGL1 requires further study using larger sample sizes as it is a novel
immune checkpoint molecule with potential for clinical application,
especially in the field of immunotherapy [82]. Fibrinogen-like protein
2 (FGL2), a member of the fibrinogen family, can exist in two forms: a
membrane-bound protein with coagulation activity or a secreted form
(sFGL2) [83]. sFGL2 is known to be primarily secreted by regulatory
T cells (Treg) and has potent immunosuppressive activity [84]. Serum
soluble FGL2 levels are independent predictors of delirium in acute
pancreatitis. Using ROC analysis, it was found that serum soluble
FGL2 >244.6 ng/mL predicted the development of delirium with a
sensitivity of 79.6% and a specificity of 66.7% [85].

Most studies on the efficacy of FGL2 in acute pancreatitis have
been conducted in animal models (mice and rats), and its clinical
significance as a prognostic marker remains poorly understood. Further
research is needed to elucidate the mechanisms of FGL2 and its clinical
significance. This will deepen our understanding of the role of FGL2 in
inflammatory diseases and aid in the development of new therapeutic
strategies [86].

Conclusion.

This narrative review presents structured data on serum biomarkers
involved in the development of acute pancreatitis (AP), including
markers with different pathogenetic mechanisms - from systemic
inflammation and vascular permeability to immune response and
coagulation. The review emphasizes the multidimensional nature of
biomarker research and their potential to improve early prediction of
disease severity and complications in acute pancreatitis.

Classical biomarkers, including C-reactive protein (CRP),
procalcitonin, creatinine, urea, albumin, and electrolyte parameters
(sodium, potassium, calcium), remain essential tools in clinical practice
due to their availability and diagnostic reliability. CRP continues to
serve as the benchmark for rapid, reliable, and cost-effective assessment
of disease severity.

Modern biomarkers, such as angiopoietins (Ang-1, Ang-
2), fibrinogen-like proteins (FGL1, FGL2), cytokines (TNF-a,
interleukins), and D-dimer, demonstrate high prognostic value for
early detection of severe pancreatitis, organ failure, and infectious
complications. However, their broader clinical application is currently
limited by insufficient multicenter validation and the high cost of
laboratory testing.

The presented synthesis confirms that the integration of modern
biomarkers with traditional indicators can significantly enhance early
risk stratification and support evidence-based decision-making in the
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management of acute pancreatitis. Further multicenter studies are
needed to develop and validate standardized biomarker panels for
clinical use.
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Beemenue: Octpsiit mankpearur (OII) mpezcraBiser co6oit
BOCIIAIUTENbHOE 3a00jeBaHHe IOMKENyZOYHOM IKeIe3sl C
HellpeZCKasyeMbIM  TedYeHHWeM, BappUPYIOI[UM  OT  JIETKHX
CaMOOTPaHUYHMBAIOMIXCSI GOPM O HEKPOTHUECKOTO IaHKpeaTHUTa
C pa3sBUTHeM IIOJIMOPraHHON HezjocTaToyHOCTH. HecmorTps Ha
IDOCTIDKEHUS B BU3yaTM3al[MOHHbIX U OIleHOYHBIX METOZAX, paHHee
IIPOTHO3UPOBAHME TSDKECTH 3a00J€BAHUA OCTAaéTCA CePbE3HOM
KIMHUYeCKOH IpoGieMoit. B mociezHue rofgsl IMpKyIHpPYIONIHe
GroMapKepsI IPUBJIEKAIOT BCE GOJIblilee BHUMAHIe KaK HHCTPYMEHT
IJISL TIOBBIIIEHNS TOYHOCTH AUATHOCTUKY M CTPaTU(UKALUU PUCKa
TAL[eHTOB.

Ilexs: OGOOWUT, U KOMIIEKCHO OLEHUTh COBPEMEHHYIO
JUTEpaTypy O CHIBOPOTOUYHBIX OHMOMapKepaX, IIPUMeHIEeMBIX
WM HeJABHO IIPE[JIOXKEHHBIX U1 IIPOTHOSHPOBAHUSA TSKECTH
OCTPOTO IIAHKPEAaTHTa U €Tr0 OCIOXHEHHI, a TaKKe OIpeenuTh
UX KINHUYECKOe M IIPOTHOCTHYECKOe 3HAUeHHe C TOYKM 3PeHUT
BO3MOXXHOH WHTETpPallu¥ B CYLIECTBYIOU[Me CHCTEMbI OIeHKU
TsDKeCTH 3a60/IeBaHU.

Marepuansl U MeTozsl: B pesyibraTe KOMILIEKCHOTO IIOMCKa
B PubMed, Scopus, Google Scholar u Cochrane Library 6suin
BBIABJIEHBl PETPOCIIEKTUBHBIE U IIPOCIIEKTHUBHbIE HCCIIELOBAHUA,
OlLIeHMBAIOIIIIe JIUaTHOCTUYECKYIO u IIPOTHOCTHYECKYIO
abdexruBHOCTs GuomapkepoB- C-peakruBHoro 6enka (CPB),
MPOKAJBIUTOHNHA, JHUIAa3sl, aHruomoatuHoB (ANG-1, ANG-2),
¢dubpunorenononobusix 6enkoB (FGL1, FGL2) u uHTepreifiKuHOB
(IL-6, IL-38).

Pesynsrarsr: Tpagunnonusie6uomapkeps: (CRP, mpoxaapiuToHIH,
IIOKa3aTelX a30THCTOrO, GeIKOBOTO U SJIEKTPOJIUTHOIO OGMeHa)
COXPAHAIOT AUATHOCTUYECKYIO 3HAYMMOCTH 61aro4aps JOCTYITHOCTH
Y HU3KOM CTOMMOCTH, OLHAKO XapaKTepPU3YIOTCS OTpaHHYeHHOMN
cnernuduynocTsio. [lepcrexrusnsie 6uomMapkepst (angiopoietin-2,
FGL1, FGL2, uwuroxuusi, D-dimer) memoHcTpupytor OGoee
BBICOKYIO UyBCTBUTEJIBHOCTh U IIPOTHOCTUYECKYIO TOYHOCTH B
OTHOILIIEHMY OPTaHHON HEJOCTATOYHOCTUM U HEKpO03a, OZHAKO WX
KJIMHUYeCKOoe TpUMeHeHYe II0Ka OTPaHUIeHO BbICOKOM CTOMMOCTHIO
Y OTCYTCTBHEM MHOTOLIEHTPOBOM BaMHAALINY.

3axmouerue: ChIBOPOTOUHbIe OHOMapKephl IPeICTaBIAIOT cO60it
IepCIIeKTUBHOE HAIpaBjlIeHHe AJIS COBEPIIEHCTBOBAHUS PAHHETO
IIPOTHO3UPOBAHUA TXKECTH OCTPOTO IaHKpeatwTa. VIHTerpauus
KJIACCUYeCKUX U HOBBIX GHMOMAapKepOB B CYLIECTBYIOLIME CHCTEMBI
OLIEHKH MOXKETIIOBBICUTH TOYHOCTD AUATHOCTHKY 1 CBOEBPeMEHHOCTD
Jle4eOHBIX peleHuit. Heo6xozums! [OIIOJIHUTEIbHbIE
MHOTOIIEHTPOBbIE UCCIIEOBAHNUA /IJI TOATBEPXKAEHUSA STUX JAaHHBIX
Y BHeZIpeHUs Hauboree THPOPMATHBHBIX MapPKEPOB B KIIMHUYECKYIO

TIPaKTHKY.
KnroueBsre cmoBa: OcTpsIif  ITaHKpeaTHUT, IIPOTHOCTHYECKHE
GrOMapKepsl, C-peaxTuBHBII 6eJoK, IIPOKAIBIIUTOHNUH,

QHTHOIIOITHUH-2, NHTepIeHKUH-6, GUOPUHOTEHOIIOZOGHBIH GeIoK 2
(FGL2), D-gumep 1 IpOrHO3MpOBaHLE PHUCKA.
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