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Aim: to analyze the results of studies that examined volatile organic compounds of various analytes (exhaled air, fe-
ces, urine) for the diagnosis of inflammatory bowel diseases.

Materials and methods. A systematic electronic literature search was conducted (without restrictions on the language
or type of publication) using the Medline/PubMed, Embase, Scopus and Web of Science databases using keywords.
In the process of analyzing the published articles, the quality of the created diagnostic models was evaluated.

Results. To study volatile organic compounds, metabolomic methods involving the quantification of compounds
and so-called “electronic noses” are used — various types of sensors to create a “pattern” of metabolites. It has been
shown that the determination of volatile organic compounds in exhaled air, feces, urine is inexpensive, affordable,
acceptable to patients and doctors, has high diagnostic accuracy, allowing to distinguish patients with inflammatory
bowel diseases from healthy individuals, differentiate nosological forms — ulcerative colitis and Crohn’s disease,
the activity of the disease, monitor the nature of its course. Sensitivity and specificity indicators for solving differ-
ent diagnostic tasks vary depending on the method used (the combined sensitivity and specificity of volatile orga-
nic compounds as biomarkers for distinguishing patients with inflammatory bowel diseases from healthy individuals
were 87 % (95 % confidence interval (Cl): 0.79-0.92) and 83 % (95 % CI: 0.73-0.90), respectively, with an AUC
of 0.92), the analyte under study, the number of volatile organic compounds analyzed, the number of patients exa-
mined, and consideration of influencing factors.

Conclusion. Volatile organic compounds demonstrate great potential as noninvasive biomarkers of inflammatory
bowel diseases. In the future, more extensive multicenter prospective studies are needed to develop optimal ap-
proaches to sampling, standardizing the analysis and interpretation of volatile organic compounds data in solving
various diagnostic tasks in patients with inflammatory bowel diseases.
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JleTyume opraHnyeckme coeamHeHs BbiabiXxaemMoro sosayxa, dekanmm n Mo4m

KakK 6V|omapKepb| B ANAarHOCTukKe BocnasimteJibHbIX 3a0oneBaHUI KULLEYHUKA

M.B. KpyunHuHa'2*, M.®. OcmneHnko?, A.B. XpucTtoHbko', A.W1. Banyiickux'

! HayyHo-unccnenoBatenbCkuii MHCTUTYT Tepanuu v npopuiakTM4eckon meanumHsl — punnan OreHY «eneparnbHebiii
vcenenoBaresibCkuii UeHTP “UIHCTUTYT umtonorum v reHetvkn” Cnbupckoro otaeneHvs Poccuiickori akagemmm Hayk», HoBocubupck,
Poccuiickass denepauyms

2 rb0Y BO «HoBocubupcknii rocyaapCTBEHHbIV MeAULIMHCKUI yHUBEPCUTET» MHUCTEpCTBa 34paBooxpaHeHns: Poccurickori
denepaummn, HoBocubupck, Poccurickas denepaums

Llenb: npoaHann3npoBaTtb pe3y/nbTaTbl UCCNEeLOBaHNN, N3y4aBLUMX JIETY4ME OpPraHMyYeckme COeoMHEHUa pasnny-
HbIX aHANINTOB (BblabIXaeMblli BO3AyX, pekanuu, Moya) C Lesbio ANarHOCTUKM BOCMaNIUTESbHbIX 3a00neBaHnin Kn-
LIEeYHNKA.

MaTepuanbl U MeToAbl. [1pOBEAEH CUCTEMATUHECKNI SNIEKTPOHHbLIV MOUCK TNTEpPaTypbl (0€3 OrpaHUyYeHni Mo A3bl-
Ky unu Tuny nyénukauum) ¢ ucnonb3oBaHmem 6a3 aaHHbix Medline/PubMed, Embase, Scopus n Web of Science
C NPUMEHEHNEM KJOYEBBLIX CNIOB. B npouecce aHanmsa onyb/MKOBaHHbIX CTAaTEN OLLEHMBANIOCh KaYeCTBO CO3aH-
HbIX OUArHOCTUYECKMX MOOENEN.

Pe3ynbraTbl. [N N3y4eHUs NeTy4mx OpraHN4eckmnx COeaMHEHNIN NCNOb3YOTCS METabONOMHbIE METObI, NMPes-
rnosaraoLLme KOM4eCTBEHHOE OnpeaesieHne COeANHEHVI, N TaK HA3bIBAEMBbIE «3J1IEKTPOHHbIE HOCbI» — Pa3/INYHbIE
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TUNbl CEHCOPOB A1 CO3JaHUA «naTtTepHa» MeTabonuTtoB. MNoka3aHo, YTO onpefenieHne NeTyynx OpraHn4yeckmx
COEeONHEHUNN B BblObIXaEMOM BO34yXe, pekanvsax, Moye ABASeTCS HeAOPOrnM, AOCTYMHbIM, MPUEMIEMbIM A5 na-
LIMEHTOB 1 Bpayer, 06nagaeT BbICOKOM ANArHOCTUYECKOM TOYHOCThLIO, MO3BOJISAS pa3nuyaTb NALMEHTOB C BOCMA-
JINTENbHBIMN 3200NEBAHUSIMU KULLEYHMKA OT 340POBbIX Nul, AnddepeHuMpoBaTb Ho3omornyeckme Gopmbl —
A3BEHHbIN KONUT U 6one3Hb KpoHa, akTMBHOCTbL 3ab0EeBaHNS, MOHUTOPUPOBATb XapakTep ero TedeHus:. Nokasa-
TENN YyBCTBUTENIbHOCTU U CNELMOUYHOCTY NPU PELLUEHNU Pa3HbIX ANArHOCTUYECKMX 3a4a4 BapbUPYIOT B 3aBUCU-
MOCTU OT MUCMONb3YyEMOro MeTona (COBOKYMHas YyBCTBUTENbHOCTb U CNEUUPUYHOCTb NIETYYMX OPraHN4eCKmx Co-
eNHEHWNI B Ka4eCTBe B1OMapKepOoB 415 Pas3MyeHns NauyeHTOB C BOCMANUTENbHbIMU 32001€BaAHNSIMU KMLLIEYHUKA
OT 300POBLIX 1L, cocTaBunu 87 % (95%-Hbih noBepUTENbHBIN HTEpBan (95% AW): 0,79-0,92) n 83 % (95% AW:
0,73-0,90) cooTBeTcTBEHHO ¢ AUC 0,92), nccnemyemoro aHanmta, KonmyecTBa aHann3npyemMbix NeTy4nx opraHu-
YeCKNX COeAMHEHNI, Ycna 00CcnenoBaHHbIX MALNEHTOB, yHeTa BIUSIOLLNX PaKTOPOB.

3aknueHue. ViccnenoBaHve NeTyYnx OpraHMyYecknx CoeaMHEHN AEMOHCTPUPYET GOMbLLOM NOTEHUMan B Kaye-
CTBE HEMHBA3MBHOI0 B1oMapkepa BOCMannTeNbHbIX 3ab0neBaHui kulleyHrka. B pansHenem Heobxonmmel 6onee
MacLUTabHbIE MHOIOLLEHTPOBbIE MPOCMNEKTBHbIE UCCNEA0BAHMS A pa3paboTky ONTUMasbHbIX MOAXOA0B K 0TOOPY
npo6, CTaHoapPTU3aLMN aHaNn3a 1 MHTeEpnpeTauuy JaHHbIX N0 NeTy4MM OPraHMYeCcKUM COeOVHEHMSM MPU peLle-
HUM Pa3HbIX ANArHOCTUYECKMX 33424 Y NALUMEHTOB C BOCNANIUTENbHbIMU 32601EBAHUSMN KULLIEYHMKA.

KnioueBble cnoBa: nety4me opraHnyeckme cCoeanHeHusl, buomapkepbl, BOCNanuUTeNbHble 3a00neBaHNS KULLIEYHN-
Ka, A3BEHHbI KONUT, 6onesHb KpoHa, anarHocTrka, BblobixaeMbll BO34yX, hekannu, Moda, AuarHocTmka
KoH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ansa untupoeaHua: KpyinHuHa M.B., Ocunernko M.®., XpucToHbko A.B., Banyiickux A.W. JleTy4me opraHmyeckme coeauHeHns
BblAbIXaEMOro Bo3ayxa, pekanuii n Moum kak GromMapkepbl B AMArHOCTUKE BOCMNANMUTENbHbIX 32001eBaHNi K1weyHuka. Poccuin-
CKWI XypHan racTpO3HTEPOSiIornn, renatonoruun, kononpokronorun. 2026;36(3):21-33. https://doi.org/10.22416/1382-4376-
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Introduction

The diagnosis of inflammatory bowel disease
(IBD) and the differentiation of Crohn’s disease
(CD) from ulcerative colitis (UC) require a com-
prehensive approach that includes clinical, endo-
scopic, histological, serological, and radiological
methods. Verification of the diagnosis in patients
with IBD takes a long time; according to some
studies, the median duration of symptoms before
diagnosis is 2—12 months for Crohn’s disease and
2—7 months for ulcerative colitis. The time to di-
agnosis is associated with clinical outcomes, the
development of complications including intestinal
strictures in Crohn’s disease and the need for sur-
gical intervention. Consequently, delays in diag-
nosis limit the ability to influence disease progres-
sion. During the verification of an IBD diagnosis,
determining its nosological form as Crohn’s dis-
ease or ulcerative colitis is crucial for developing
an optimal treatment strategy. It remains unclear
which patients with IBD will subsequently devel-
op a more severe phenotype and which will de-
velop a benign one. Therefore, it is important to
identify risk groups among patients with IBD to
whom an individualized therapeutic approach can
be applied at the onset of the disease. The use of
biologics and/or immunomodulators for therapy
may be justified in the early stages of the disease
in patients at risk of rapid progression of IBD.

New diagnostic approaches are needed to solve
these clinical issues, and biomarkers derived from
metabolites of various chemical classes appear to
be promising.

Metabolomics involves the study of a group of
intermediate or final metabolites of a physiologi-
cal or pathophysiological process, which may po-
tentially serve as a characteristic marker of specif-
ic pathological conditions. Metabolomic studies in
IBD have been conducted in humans and animal
models using samples of serum, urine, feces, and
intestinal tissue. Recent technical advances now
allow for the detection of certain metabolites in
the form of volatile organic compounds.

Volatile organic compounds (VOC) are car-
bon-containing molecules that are gaseous at room
temperature and can be excreted by the body as
end products of metabolism via exhaled air, sweat,
urine, and feces. However, this definition is not
universally accepted, as some authors also include
chemicals that are not gaseous at room tempera-
ture, or are not particularly volatile, such as amino
acids. Depending on their origin, VOCs can be di-
vided into exogenous and endogenous compounds.
Exogenous VOCs are derived from the environ-
ment, including food and smoking. Endogenous
VOCs are the end products of human or microbial
metabolism.

Pathological processes in the body are often as-
sociated with changes in metabolic pathways and,
consequently, with the formation of new VOCs
or alterations in existing pathways for their for-
mation. This is the basis for the potential use of
VOCs as biomarkers of gastrointestinal diseases.
It should be noted that certain VOC patterns
are associated not only with digestive system
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pathologies but also with diseases of other organs,
such as the bronchopulmonary system (bronchial
asthma, chronic obstructive pulmonary disease),
chronic kidney disease, heart failure, and others.
In the past, the volatility and very low concentra-
tions of breath components, as well as difficulties
with standardizing and normalizing the obtained
concentrations of compounds, limited the possibil-
ities for VOC analysis. However, these problems
have been largely overcome with the help of ad-
vanced analytical methods, including selective ion
flow-through mass spectrometry (SIFT-MS).

Most studies examining VOC as biomarkers
of gastrointestinal diseases have focused on three
methods of sample collection from participants:
exhaled breath, urine, and stool. It is believed
that VOCs can be directly detected in feces or
enter the systemic circulation and are then excret-
ed from the body either through the kidneys as
urine or through the lungs in exhaled breath. All
three of these approaches, with their respective
samples, are considered “non-invasive” compared
to blood tests, endoscopy, and liquid or tissue bi-
opsies. However, even among these three methods,
urine sampling is considered simpler and more ac-
cessible than fecal sampling, and exhaled breath
testing is even more acceptable from the patient’s
perspective.

Therefore, the use of VOCs as non-invasive
biomarkers for IBD has advantages over other po-
tential biomarkers, such as methylated DNA or
microRNA analysis. This is crucial when search-
ing for a biomarker for potential use in disease
screening and monitoring, it has to be relatively
inexpensive, non-invasive, and acceptable to pa-
tients, as well as sensitive and specific. VOCs as
biomarkers have the potential to meet all these
criteria.

When it comes to detecting VOC, there are
generally two main categories of detection tech-
nologies: metabolomic analytical methods and
“electronic noses”.

Metabolomic methods include various plat-
forms for the chemical detection of compounds,
such as gas chromatography—mass spectrometry
(GC-MS, GC-MS), gas chromatography—ion mo-
bility spectrometry (GC-IMS), ion-molecular re-
action mass spectrometry (IMR-MS, IMR-MS),
nuclear magnetic resonance spectroscopy (NMR),
ion flow mass spectrometry (SIFT-MS), high-field
asymmetric ion mobility spectrometry, time-of-
flight ion mobility spectrometry (FAIMS), direct
infusion liquid chromatography/tandem mass
spectrometry, and gas chromatography—mass
spectrometry (LC-MS/MS + GC-MS). All of
them are used to detect specific VOC in clinical
samples. These methods typically involve the use

of complex equipment and software to quantify
specific chemicals in the sample provided. One of
the advantages of such approaches is their high
specificity in detecting specific chemical substanc-
es, which allows researchers to focus on particular
metabolic pathways indicative of specific patho-
logical processes. They also provide more detailed
chemical information about compounds, offer
high reproducibility, and exhibit almost no “sen-
sor drift” over time. The disadvantages of these
approaches include high operating and equipment
maintenance costs, the need for highly qualified
personnel, labor-intensive processes, and, finally,
the time required to obtain results.

The second group of devices consists of so-
called “electronic noses”. They use various types
of sensors to mimic the mammalian olfactory sys-
tem and generate a chemical reaction between a
volatile organic compound and the sensor. There
are various types of sensors: metal oxide-based
sensors (detect changes in electrical resistance in
response to exposure to certain volatile organic
compounds) (Aeonose, PEN3); sensors based on
conductive polymers (measure changes in resis-
tance under the influence of certain vapors and
volatile compounds) (Cyranose 320); quartz mi-
crobalances,/piezoelectric sensors (exhibit differ-
ent oscillation frequencies when exposed to cer-
tain gaseous chemicals, which can be measured),
and electrochemical and optical sensors (WOLF).

These devices identify general “breath prints”
and can distinguish between different scents by
stimulating various gas sensors with different vol-
atile compounds. They are generally not designed
to quantify individual compounds, as in metab-
olomic analysis, and their results are negatively
affected by “sensor drift”. However, these devices
are relatively compact, inexpensive, and easy to
use, allowing for relatively rapid results.

The aim of this review is to analyze studies
investigating volatile organic compounds from
various analytes (exhaled air, feces, urine) for di-
agnosing inflammatory bowel diseases.

Materials and methods

A systematic electronic literature search (with-
out restrictions on language or publication type)
was conducted using the Medline/PubMed,
Embase, Scopus, and Web of Science using the
following keywords: volatile organic compounds,
volatile organic metabolites, biomarkers, inflam-
matory bowel diseases, ulcerative colitis, Crohn’s
disease, diagnosis, exhaled breath, feces, urine, di-
agnosis. During the analysis of published articles,
the development of diagnostic models, their sen-
sitivity and specificity were evaluated for solving
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various diagnostic tasks: distinguishing patients
with IBD from healthy individuals, differenti-
ating between nosological forms, differentiating
IBD activity, and predicting the development of
exacerbations.

Results

Prospective and retrospective comparative co-
hort studies, case-control studies, cross-sectional
studies, and randomized controlled trials have
been conducted to investigate the use of VOCs for
various analytes, with the aim of establishing the
diagnostic accuracy of VOCs in adults and chil-
dren with a confirmed diagnosis of IBD.

Fecal samples proved to be the most studied
medium for VOC testing in IBD; the articles by
C. Walton et al. [31], T.G.J. De Meij et al. [32],
I. Ahmed et al. [33], N. Van Gaal et al. [34],
S. Bosch et al. 2018, 2020, 2022 [35—37], and
S. El Manouni El Hassani et al. [38] are dedicated
to them.

The analysis of exhaled breath VOCs was
performed in the studies by N. Patel et al. [39],
L.C. Hicksetal. [40], R.P. Arasaradnam et al. [41],
L. Monasta et al. [42], K. Dryahina et al. [43],
A. Tiele et al. [29].

In the studies by R.P. Arasaradnam et al. [44],
S. El Manouni ElI Hassani et al. [38],
A.H. Keshteli et al. [45], T. Dawiskiba et al. [46],
and H.R.T. Williams et al. [47], VOCs in urine
samples were analyzed.

As for analytical methods, a limited number of
studies used “electronic noses” and NMR spec-
troscopy, while the majority of studies employed
metabolomic methods such as GC-MS, SIFT-MS,
FAIMS, ion mobility gas chromatography, and
mass spectrometry with ion-molecule reactions.

While analyzing of studies examining the VOC
profiles of various analytes (exhaled breath sam-
ples, feces, urine), distinct metabolite profiles
that differentiate patients with IBD from healthy
individuals, as well as specific IBD subtypes, dis-
ease stages, and levels of IBD activity that predict
the onset of flare-ups have been identified.

In a study of differences in exhaled breath
VOC patterns between patients with IBD and
healthy individuals, K. Dryahina et al. [43] and
M.A. Pelli et al. [48] identified elevated levels
of pentane, which enabled differentiation with
an AUC of 0.927. S. Sedghi et al. [49] and
G.H. Koek et al. [50] identified additional VOCs
associated with IBD: NO, ethane, and propane.
In a cross-sectional study by N. Patel et al. [39],
who analyzed 21 VOCs in the exhaled breath of
62 children with IBD using SIFT-MS, six VOCs
were identified that allowed for differentiating

between patients with IBD and healthy controls.
In this study, levels of 1-octene, 3-methylhexane,
and 1-decene were elevated, while levels of 1-non-
ene, 2-nonene, and hydrogen sulfide were reduced
in individuals with IBD. The AUC of the model
developed to differentiate IBD patients from the
control group was 0.96. L.C. Hicks et al. [40] an-
alyzed a diagnostic panel consisting of 26 exhaled
air VOCs in 56 patients (38 patients with IBD and
18 healthy individuals). According to the authors,
concentrations of dimethyl sulfide, hydrogen sul-
fide, butanal, and nonanal differed significantly
between patients with Crohn’s disease and healthy
individuals (AUC 0.86). Ammonia levels proved
to be key for differentiating patients with ulcer-
ative colitis from healthy individuals (AUC 0.74),
while concentrations of hydrogen cyanide, hydro-
gen sulfide, and butanal distinguished patients
with CD from those with UC (AUC 0.82). This
study found no correlations between the clinical
activity of IBD and specific VOC patterns [40].

Several authors have proposed a mechanism for
the formation of VOCs in VOC-exposed individu-
als that depends largely on oxidative stress, which
causes lipid peroxidation. Several studies have
established the potential role of VOCs released
during a single exhalation, such as pentane and
hexane, as markers of IBD [29, 35, 44]. Elevated
concentrations of hydrogen sulfide, acetic, propa-
noic, and butyric acids in patients with IBD have
allowed these compounds to be considered as poten-
tial biomarkers of the disease [44]. Unfortunately,
the correlations between these VOCs and clini-
cal indices (the Harvey — Bradshaw index for
Crohn’s disease and the simplified clinical colitis
activity index for UC) were weak [44].

Specific VOC profiles analyzed by GC-MS
were used in a larger cohort of adult patients
with Crohn’s disease to distinguish healthy in-
dividuals from those with active CD (isoprene,
acetone, 2,2 4-trimethylpentane, heptadecane,
C12:0, 1-butoxy-2-propanol) and inactive forms of
Crohn’s disease (soprene, acetone, heptadecane)
[51]. Two “panels” consisting of six discriminato-
ry compounds were identified, showing sensitivity
of 96 %, specificity of 99 %, and an AUC of 0.99,
and sensitivity of 96 %, specificity of 97 %, and an
AUC of 0.98, respectively. A model consisting of
10 VOCs (1-hydroxy-2-propanone, hexadecanal,
2,2,4-trimethylhexane, 2,2,4,4-tetramethyloctane,
acetic acid methyl ester, and four unknown vola-
tile organic compounds) proved to be effective in
distinguishing between active and inactive forms
of the disease (sensitivity 81 %, specificity 80 %,
AUC 0.88) [51]. The reliability of the results was
far from optimal, since disease activity was not
assessed by endoscopy but was determined based
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on fecal calprotectin, C-reactive protein, and the
Harvey — Bradshaw index. Similar results were
obtained by the same group of researchers in ul-
cerative colitis using a panel of 11 volatile or-
ganic compounds (including cumene, 2,4-dimeth-
ylpentane, methylcyclopentene, branched C H,,
C,.H,, (pentadecene), 3-methyl-1-butanol, octane,
acetic acid, -pinene; m-cymene) to differentiate
clinically active disease from inactive disease, con-
firmed only by fecal calprotectin levels (sensitivi-
ty 92 % and specificity 77 %) [52].

There are individual studies that have exam-
ined the associations between VOC levels and var-
ious types of disease activity in IBD. According to
J. Kokoszka et al., concentrations of pentane in
exhaled air correlated with histological disease ac-
tivity, as measured by leukocyte scintigraphy [53].
The results of a study by S. Sedghi et al. showed
that levels of ethane, propane, and isoprene in ex-
haled breath samples were associated with clinical
and/or endoscopic disease activity in ulcerative
colitis [49].

F. Rieder et al. conducted a prospective study
of VOC:s levels in the exhaled air of patients with
IBD (Crohn’s disease, ulcerative colitis), other in-
flammatory bowel diseases, patients with ileoanal
reservoir-anal anastomosis (IARA), and healthy
individuals using selective ion-flow mass spec-
trometry [54]. The metabolome of exhaled air dif-
fered significantly in patients with IBD compared
to patients with other inflammatory bowel diseas-
es and healthy individuals (7 out of 22 volatile
metabolites), but not between CD and UC. The
authors found no association between VOC levels
and IBD complications, the location of the dis-
ease in the intestine, clinical or endoscopic disease
activity, or laboratory parameters or treatment
regimen. VOC levels in exhaled air differed sig-
nificantly in patients with IARA compared to any
other group (17 out of 22 volatile metabolites),
but the presence of inflammation in the reservoir
did not affect VOC levels. According to the au-
thors, the observed differences are caused either
by microbial factors in the colon, changes in diet,
altered metabolism of intestinal lumen compo-
nents, or a combination of all these factors. The
marked change in exhaled VOC levels in the ab-
sence of the colon in patients with IBD indicates
its key role in the formation of volatile metabo-
lites. The main metabolites whose concentrations
distinguished patients with IBD from the group
of healthy individuals were 2-propanol, acryloni-
trile, carbon disulfide, dimethyl sulfide, ethanol,
isoprene, and trimethylamine, whose elevated lev-
els the authors attributed to bacterial fermenta-
tion, fatty acid and carbohydrate metabolism, as
well as changes caused by an increase in reactive

oxygen species [54]. F. Rieder et al. demonstrated
that in a group of patients with TARA, antibiotic
use during the preceding three months had a min-
imal effect on the VOC profile [54].

The gut microbiome is crucial for maintaining
the homeostasis of the intestinal mucosa and is
altered in IBD compared to healthy individu-
als, showing a reduction in diversity [55, 56].
According to C.S. Probert et al. [57], fecal
VOCs differ in IBD compared to healthy indi-
viduals, confirming this association. C. Walton
et al. [31] demonstrated that levels of certain
fecal VOCs differ markedly in patients with CD
compared to those with other conditions, includ-
ing UC and irritable bowel syndrome. Using gas
chromatography-mass spectrometry, the authors
demonstrated that patients with CD exhibited
a significant increase in the concentration of
ether and alcohol derivatives of short-chain fat-
ty acids and indole compared to patients in oth-
er groups. Following treatment, levels of many
VOCs decreased significantly and were compara-
ble to those in healthy individuals. The authors
concluded that gut dysbiosis in IBD may con-
tribute to the formation of various fecal metab-
olite profiles. They also concluded that the nor-
malization of the fecal VOCs profile following
treatment suggests the restoration of a relatively
normal microbiota. The main limitation of this
study was the absence of a diagnostic model for
IBD with calculated diagnostic accuracy, which
may reflect its status as one of the earliest stud-
ies on VOCs in IBD, published in 2013.

The studies conducted have demonstrated vary-
ing diagnostic accuracy of VOCs in distinguishing
patients with IBD from healthy individuals.

N. Patel et al. [39] used the SIFT-MS ana-
lytical platform to distinguish breath samples
from patients with IBD and a control group, ob-
taining a diagnostic model with an AUC of 0.96
(95% confidence interval (95% CI): 0.93—0.99),
but the authors were unable to demonstrate differ-
ences in VOCs profiles between UC and CD or to
detect any significant correlation with disease ac-
tivity. These results were confirmed by a study by
L. Monasta et al. [42], which reported good sen-
sitivity but low specificity in distinguishing IBD
from the control group and UC from CD using a
list of metabolites (methane, ammonia, propene,
acetonitrile, nitrous oxide, nitrous acid, acetic
acid, methyl ethyl ketone, methanimine, cyclopen-
tane, carbon disulfide, methyl nitrate, pyridine,
methylpyrrole, ethyl cyanoformate, dimethylpyr-
idine, trimethylpentane, ethylene, acetaldehyde,
acetone, isoprene, toluene, n-heptane). The au-
thors did not identify any significant differences
in VOC patterns depending on disease activity.
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L.C. Hicks et al. [40] developed a statistical
model to distinguish exhaled breath samples from
children with IBD from those of healthy children,
as well as to differentiate ulcerative colitis from
Crohn’s disease. Patients with CD were success-
fully distinguished from the control group with a
sensitivity of 94 % and a specificity of 94 %, and
those with UC from healthy individuals with a
sensitivity of 91 % and a specificity of 94 %. The
developed diagnostic model distinguished patients
with Crohn’s disease from those with ulcerative
colitis with a sensitivity of 89 % and a specificity
of 90 %. In addition, this study identified sta-
tistically significant differences in the concentra-
tions of dimethyl sulfide, hydrogen sulfide, and
nonanal in patients with Crohn’s disease com-
pared to healthy individuals. The authors were
unable to find significant differences in the levels
of individual VOCs in ulcerative colitis compared
to healthy individuals.

K. Dryahina et al. [43] analyzed exhaled breath
samples using SIFT-MS in patients with IBD and
healthy individuals. The authors noted higher lev-
els of pentane, hydrogen sulfide, acetic acid, pro-
pionic acid, and butyric acid in patients with IBD
compared to the control group. They suggested
that hydrogen sulfide and carboxylic acids could
potentially serve as biomarkers of excessive bacte-
rial overgrowth in the gut. The relative concentra-
tions of pentane and other VOCs showed a weak
correlation with clinical indices of IBD activity.
A limitation of the study was the lack of a calcu-
lation of diagnostic accuracy.

I. Ahmed et al. [33] analyzed fecal VOC sam-
ples using GC-MS and found it possible to distin-
guish patients with active Crohn’s disease from
those with inactive disease and healthy individ-
uals, but were unable to differentiate between
stages of UC or between UC patients and healthy
individuals. Levels of several VOCs (heptanal,
1-octen-3-ol, 2-piperidone, and 6-methyl-2-hepta-
none) were elevated in the group of patients with
active CD (the variable significant for prediction
(VIP) was 2.8, 2.7, 2.6, and 2.4, respectively),
while the levels of methanethiol, 3-methylphe-
nol, short-chain fatty acids, and ester derivatives
were reduced (VIP scores of 3.5, 2.6, 1.5, and 1.2,
respectively). The PLS-DA model distinguished
patients with small bowel CD from healthy indi-
viduals (p < 0.001) and patients with large bowel
CD from individuals with UC (p < 0.001).

Data on volatile organic compounds in urine in
patients with IBD are scarce. Differences in VOC
levels between urine samples from patients with
IBD and a control group were first described by
R.P. Arasaradnam et al. in 2009 using an “elec-
tronic nose” [58]. Samples from a small cohort

of 48 patients with IBD were subsequently ana-
lyzed using an “electronic nose” and FAIMS by
the same authors. Both technologies allowed for
differentiating patients with IBD from the control
group with an accuracy of 88 and 75 %, respec-
tively (p < 0.001), as well as the active form of
the disease from the inactive form [41].

GC-IMS revealed significantly different VOC
profiles in 10 patients with IBD compared to
10 individuals in the control group (AUC 0.78;
» =0.028) [38]. In this small study, S. El Manouni
El Hassani et al. reported better performance of
urinary VOCs compared to fecal VOCs in terms
of sensitivity (80 % vs. 70 %), but not specificity
(70 % vs. 90 %).

A.H. Keshteli et al. [45] studied urinary me-
tabolomic profiles using a combination of direct
injection liquid chromatography/tandem mass
spectrometry and GC-MS. Patients with ulcer-
ative colitis in remission were distinguished from
patients with IBS with high diagnostic accuracy
(AUC 0.99), specificity of 99.9 %, and sensitivity
of 99.8 % (p < 0.001).

Studies by T. Dawiskiba et al. [46] and
H.R.T. Williams et al. [47] have shown that urine
NMR spectroscopy may be useful for detecting
metabolomic changes.

Several studies have attempted to answer the
question of whether the analysis of volatile organic
compounds can differentiate UC from CD, since it is
known that the pathophysiology (and, consequently,
the underlying metabolic processes) differ in these
nosological forms of inflammatory bowel disease.
In clinical practice, the differential diagnosis of ul-
cerative colitis can be a complex task and involves
distinguishing between a range of endoscopic and
histological features. Several studies have reported
different VOC patterns in UC and CD; however,
the results obtained were inconclusive.

Three studies involving a limited number of
patients reported that analyzing VOCs levels
demonstrated positive discriminatory ability be-
tween UC and CD. L.C. Hicks et al. [40] used
their model to differentiate 18 cases of CD from
20 cases of UC with a sensitivity and specificity
of 89 % and 90 %, respectively. R.P. Arasaradnam
et al. [41] applied FAIMS to study exhaled breath
samples from adults to differentiate 29 cases of
UC from 25 cases of CD with a sensitivity of 67 %
(0.54—0.79) and a specificity of 67 % (0.54—0.79),
AUC 0.70 (0.60—0.80) (p = 0.0009). Finally,
A. Tiele et al. [29] reported that they were able
to distinguish 16 cases of UC from 14 cases of CD
with a sensitivity and specificity of 71 and 88 %,
respectively (p < 0.0001).

At the same time, N. Van Gaal et al. [34], when
analyzing differences in exhaled air VOCs profiles
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of 13 patients with UC and 23 patients with CD,
created a diagnostic model with sensitivity and
specificity of 65 and 62 %, respectively, for differ-
entiating between the two groups, but found this
to be statistically insignificant (»p = 0.1). The au-
thors concluded that VOC analysis does not allow
for reliable differentiation between patients with
UC and CD.

This view was confirmed by a study by S. Bosch
et al. [35], conducted in 2018, in which the au-
thors were unable to differentiate 15 cases of ul-
cerative colitis from 15 cases of Crohn’s disease
based on fecal VOCs profiles. Continuing the
study with a larger number of patients, S. Bosch
et al. [36] reported in 2020 that VOC profiles in
feces differed between UC and CD, but diagnos-
tic accuracy was very low: sensitivity was 17 %,
and negative predictive value was 36 % (AUC
0.55; 95% CI: 0.50—0.6), there were no differenc-
es between active disease and remission in IBD
(for individuals with active UC versus inactive
UC — AUC 0.63 (95% CI: 0.44—0.82); for active
UC versus inactive UC — AUC 0.52 (95% CI:
0.39—0.65)).

Thus, at present, it is not possible to draw a
definitive conclusion regarding the diagnostic ac-
curacy of models incorporating volatile organic
compound levels for differentiating between noso-
logical forms of IBD.

One of the key functions of a biomarker is to
monitor disease progression, enabling the predic-
tion of relapses in patients in remission, which is
particularly relevant in IBD.

Five studies [31—33, 35, 41] demonstrated a
clear difference in VOC profiles after patients
achieved remission compared to the active phase
of the disease, although only C. Walton et al.
[31] specified the medications used (steroids and
S-aminosalicylic acid preparations for patients
with UC; only diet for patients with CD). These
studies did not involve long-term follow-up of
patients and did not track IBD relapses. Only
S. Bosch et al. [37] studied the effectiveness of
using fecal VOCs levels to monitor relapses of in-
flammatory bowel disease over a specific period of
time. The authors observed changes in VOCs pro-
files in the feces of patients with IBD preceding
changes in fecal calprotectin levels, which they at-
tributed to fluctuations in the composition of the
microbiota. S. Bosch et al. concluded that VOC
profiles may serve as useful markers for predicting
disease progression, allowing for earlier initiation
of therapy and a reduction in the frequency of
complications and hospitalizations. In this study,
changes in fecal VOC profiles did not predict IBD
clinical activity. The authors identified a differ-
ence in fecal volatile organic compound profiles

between patients who experienced relapses and
those who remained in remission, with an AUC of
0.75 (p < 0.01).

In the published reviews by K. van Malderen
et al. in 2020 [59] and F. Vernia et al. in 2021 [60]
also examined the use of VOCs as diagnostic bio-
markers for IBD; both concluded that volatile or-
ganic compounds hold significant promise in this
regard.

According to a systematic review by
A. Krishnamoorthy et al. [61], the overall sensitiv-
ity and specificity of volatile organic compounds
as biomarkers for distinguishing between IBD pa-
tients (n = 696) and control subjects (n = 605)
were 87 % (95% CI: 0.79—0.92) and 83 % (95% CI:
0.73—0.90), respectively, with an AUC of 0.92,
confirming that VOCs demonstrate great poten-
tial as non-invasive biomarkers for IBD. No blood
samples are required for their collection; increas-
ingly, VOCs are collected and transported using
various devices, such as thermal desorption tubes,
and their concentrations are analyzed using instru-
ments such as “electronic noses”, the number of
which is expected to grow.

At present, there is no consensus on which sam-
ple matrix is optimal for analyzing volatile organ-
ic compounds — urine, stool, or exhaled breath.
From the patient’s perspective, exhaled breath
and urine samples are more acceptable than stool
collection.

There is also no consensus on the best analyti-
cal method, whether to use more complex metab-
olomic methods or “electronic noses”. However,
compounds detectable only in pathological con-
ditions, as opposed to healthy individuals, have
yet to be identified. The overall picture, the “pat-
tern” of the changing composition of volatile or-
ganic compounds, is more relevant and meaning-
ful; therefore, technology based on metal oxides
in “electronic noses” may be more suitable in the
future for a range of inflammatory and oncologi-
cal diseases. The advantage of this approach lies
in its minimal preparation requirements. The fact
that VOCs from all environments are associated
with disease stages implies that there are more
potential diagnostic applications for using VOC
patterns without being limited to a specific sam-
ple type.

The analysis showed that while studies using
volatile organic compounds clearly distinguished
UC from the control group, distinguishing UC
from CD was more difficult. Nevertheless, the
VOC profile in patients with CD appears more
distinct than in UC patients compared to healthy
individuals, as reported by L.C. Hicks et al. [40]
and 1. Ahmed et al. [33]. This is likely due to the
fact that in CD, there is transmural damage to the

Poc sypH ractposuTepoJi rematon koaonpokros 2026; 36(3) / Rus J Gastroenterol Hepatol Coloproctol 2026; 36(3)

27



28

Reviews / O630p

www.gastro-j.ru

intestinal wall, with more pronounced disruption
of metabolic pathways compared to UC.

The influence of other factors, such as age, sex,
body mass index, dietary habits, medication use,
smoking, and comorbid metabolic diseases, on the
concentration of volatile organic compounds is
another aspect of this research field requiring
further clarification and potential adjustment
when using VOCs as biomarkers for IBD [62].
For example, smoking is associated with the
introduction of certain exogenous VOCs into
exhaled breath samples analyzed for disease de-
tection. When analyzing VOC patterns, these
factors must be accounted for by correcting the
probabilistic neural networks which were gener-
ated based on “electronic nose” data.

The Table summarizes data on diagnostic ac-
curacy in using VOCs to solve various diagnostic
challenges in patients with IBD.

Currently, fecal calprotectin (FCP) and
C-reactive protein (CRP) are the most widely
used noninvasive biomarkers for inflammatory
bowel disease and are frequently used for initial
diagnosis and disease monitoring. Calprotectin is
a protein secreted by neutrophils during intesti-
nal inflammation; it is stable in feces and can be
measured by laboratory methods [63]. CRP is an
acute-phase protein secreted by the liver in re-
sponse to stimulation by macrophages and T cells
during the immune response to systemic inflam-
mation [63]. Thus, these two indicators serve as
surrogate markers for both local and systemic in-
testinal inflammation. Elevated CRP levels are
nonspecific for gastrointestinal inflammation, and
elevated calprotectin levels are nonspecific for in-
flammatory bowel disease.

It is possible that the measurement of volatile
organic compounds may be more appealing than
the analysis of existing biomarkers. First, the
ability to use exhaled breath and urine samples
to adjust ongoing therapy may improve patient
adherence and lay the groundwork for future
point-of-care testing. These samples are easi-
er to collect from patients than blood or stool
samples, especially when it comes to children
with IBD, whose numbers are likely to increase.
When testing is conducted on a large scale, the
cost of VOC testing is comparable to that of
fecal calprotectin testing.

Since VOC are not merely surrogate markers
of an inflammatory process, they can provide
additional information and help distinguish be-
tween pathologies of different etiologies, includ-
ing infectious gastroenteritis, ulcerative colitis,
Crohn’s disease, and colorectal cancer, as these
conditions are associated with distinct VOC pat-
terns [64—66]. This creates new opportunities for

non-invasive screening and monitoring of a range
of socially significant pathologies.

When using VOCs as a biomarker for IBD, one
must consider not only patient-related factors but
also a range of technical conditions, including the
specifics of sample collection, transport, storage,
and analysis. This can lead to additional steps in
the workflow, potential variations, or errors, and
therefore requires standardization of measurement
methods [67].

Individual metabolic and environmental factors,
such as renal, hepatic, or cardiac insufficiency, or
medications being taken, can lead to variations in
VOC patterns compared to reference biomarkers,
and this must be considered [68]. Currently, data
are emerging showing differences in VOC compo-
sition, for example, between patients with irrita-
ble bowel syndrome with diarrhea and those with
halogen-induced diarrhea [69], and between types
of cancer of different cellular origins [70]. The
studies conducted have not identified variations
in VOC among different phenotypes of IBD, such
as acute severe UC or CD with fibrotic strictures
and prestenotic dilation; however, fecal calpro-
tectin is also unable to distinguish between these
subgroups.

These issues can likely be solved through fur-
ther investigation in double-blind controlled,
multicenter studies involving a larger number of
patients to minimize any potential confounding
factors. Greater attention should also be paid to
differentiating ulcerative colitis from Crohn’s dis-
ease and to the use of VOCs as markers of IBD ac-
tivity or remission. The long-term chronic course
of IBD increases the risk of developing colorectal
cancer [71]. The ability to detect high-grade dys-
plasia using non-invasive methods by identifying
specific patterns of VOCs would be of primary
clinical importance for the early diagnosis of can-
cer in patients with IBD.

Conclusion

Research into volatile organic compounds as
biomarkers for inflammatory bowel diseases is at
a relatively early but promising stage, with great
potential for further development and benefits for
patients. It should be noted that the samples of
analytes (exhaled breath, urine, feces) for VOC
analysis are non-invasive, acceptable to patients
and physicians, and VOC pattern analysis is in-
expensive and highly accurate, allowing for the
distinction of patients with IBD from healthy in-
dividuals, the differentiation of nosological form,
if it is ulcerative colitis or Crohn’s disease and the
assessment of disease activity, as well as the mon-
itoring of its course. Sensitivity and specificity
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Table. Possibilities of using volatile organic compounds for solving various diagnostic problems

Maximum values
Aim Substrates Methqu g of area under the curve, Authors
of determination T TN of publications
sensitivity and specificity
) ﬁgg 822 [gegn]; 94 % Patel N. et al. [39],
SIFT-MS sooc. 94 7 [’40], : e Hicks L.C. et al. [40],
prU.C 0 627 [4’3]' Dryahina K. et al. [43],
: ’ Rieder F. et al. [54]
- AUC 0.810 [54]
GC-MS AUC 0.99, sens. 96 %, Bodelier A.G. et al. [51]
spec. 99 %
Exhaled IMR-MS g)gcc 399%5’ sens. 95 %, Monasta L. et al. [42]
breath . Pelli M.A. et al. [48],
GC were not determined Sedghi S. et al. [49]
Chemiluminescent were not determined Koek G.H. et al. [50]
analyzer
EN sens. 67 %, spec. 89 % Tiele A. et al. [29]
GC-IMS sens. 87 %, spec. 89 % Tiele A. et al. [29]
. ~ | Walton C. et al. [31]

. . GC-MS - were not f)letermmed [?:’1, 33]; Ahmed T, et al.. [33]
Diagnostics - sens. 90 %, spec. 80 % [57] Probert C.S. et al. [57]
of IBD Feces ~ AUC 0.96 [36]: Bosch S. et al. [36],

GC-IMS _ sens. 80 % specy 70 % [38] El Manouni El Hassani S.
: & : ° et al. [38]
FAIMS UC 0.9, sens. 83 %, Van Gaal N. et al. [34]
spec. 83 %
EN were not determined Arasaradnam R.P. et al. [58]
Diagnostic accuracy for EN —
EN + FAIMS 88 %, for FAIMS — 75 % R.P. Arasaradnam et al. [41]
Urine GC-IMS sens. 70 %, spec. 80 % (];:tl ;\I/Ia[%%lim El Hassani S.
LC-MS/MS AUC 0.99, sens. 99.8 %, q
Y GC-MS spec. 99.9 % Keshteli A.H. et al. [45]
Proton NMR - AUC 0.9 [46], Dawiskiba T. et al. [46],
spectroscopy - were not determined [47] [Williams H.R.T. et al. [47]
Exhaled
breath GC-MS, GC-IMS, EN, |AUC 0.92, sens. 87 %, .
e FAIMS — Krishnamoorthy A. et al. [61]
+ Urine
EN/GC-IMS sens. 71 %, spec. 88 % Tiele A. et al. [29]
AUC 0.82, sens. 89 %, ]
Exhaled SIFT-MS spec. 90 % Hicks L.C. et al. [40]

) ) breath FAIMS AUC 0'73 sens. 67 %, Arasaradnam R.P. et al. [41]
Differential spec. 67 %
diagnostics AUC 0.934, sens. 94 %,
of UC and IMR-MS L Monasta L. et al. [42]
CD

GC-MS were not determined \AXgﬂlteo(?ICéfglal.[?Eg}]
Feces GC-IMS AUC 0.55 Bosch S. et al. [36]
FAIMS AUC 0.67, sens, 67 %, Van Gaal N. et al. [34]
spec. 62 %
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End of the Table. Possibilities of using volatile organic compounds for solving various diagnostic

problems
5 Methods Maximum values Authors
Aim Substrates g of area under the curve, g
of determination T by of publications
sensitivity and specificity
- AUt 0'088’ SCNS. 81 %, Bodelier A.G. et al. [51]
Exhaled oD spec. 80 % [51]; Smolinska A. et al. [52]
RV - sens. 92 %, spec. 77 % [52] ) :
breath Sedghi S. et al. [49
Diagnostics GC were not determined Ke kg LS. etal [49]
of IBD okoszka J. et al. [53]
activity E GC-MS were not determined Ahmed I. et al. [33]
eces
FAIMS AUC 0.63 Bosch S. et al. [36]
Moua A NS AUC 0.909 Dawiskiba T. et al. [46]
spectroscopy

Note: sens. — sensitivity, spec. — specificity;, FAIMS — high-field asymmetric waveform ion mobility spectrometry;
GC-IMS — gas chromatography — ion mobility spectrometry; GC-MS — gas chromatography — mass spectrometry;
LC-MS/MS + GC-MS — liquid chromatography — tandem mass spectrometry and gas chromatography — mass spectrometry;
IMR-MS — ion molecule reaction mass spectrometry; SIFT-MS — selected ion flow tube mass spectrometry; EN — “elec-
tronic nose”; NMR — nuclear magnetic resonance spectroscopy.

values for various diagnostic tasks vary depend-
ing on the method used (metabolomic analysis
or “electronic noses”), the analyte being studied,
the number of volatile organic compounds ana-
lyzed, the number of patients examined, and the

consideration of confounding factors. Further
large-scale, multicenter, prospective studies are
needed to develop optimal approaches to sample
collection, standardization of analysis, and inter-
pretation of VOC data as biomarkers of IBD.

This work was carried out under a government contract as part of the budget-funded research proj-
ect “Study of the molecular-genetic and molecular-biological mechanisms underlying the development
of common therapeutic diseases in Siberia to improve approaches to their early diagnosis and preven-
tion”, 2024—2028 (FWNR-2024-0004).

. Ytter Y., Sultan S.,

References / Jlutepartypa

Hlenvieun I0.A., Heawxun B.T., Auxacoe C.H., Pewe-
mos H.B., Maese U.B., Bbeaoycosa E.A. n np. Kmnu-
yeckue pexoMengauun. Bosesnn Kpona (K50), Bapocibie.
Kononpoxmonozus. 2023;22(3):10—49. [Shelygin Yu.A.,
Toashkin V.T., Achkasov S.I., Reshetoo [.V., Maev [.V.,
Belousova E.A., et al. Clinical guidelines. Crohn’s Dis-
ease (K50), Adults. Koloproktologia. 2023;22(3):10—49.
(In Russ.)]. DOI: 10.33878,/2073-7556-2023-22-3-10-49

Poccutickas — zacmpoanmeposiozuneckdas — accouuauiLs;
Accoyuayus  xkoaonpoxmosozoe  Poccuu.  SI3BenHbII
kosmmt. Kimnnueckne pexomengarmu. M., 2020. [Rus-
sian  Gastroenterological — Association;  Association

of Coloproctologists of Russia. Ulcerative colitis. Clinical
guidelines. Moscow, 2020. (In Russ.)]. URL: https://le-
galacts.ru/doc/kliniches-kie-rekomendatsii-iazvennyi-ko-
lit-utv-minzdravom-rossii,/

Cantoro L., Monterubbianesi R., Falasco G., Cam-

‘ astra C., Pantanella P., Allocca M., et al. The earlier

you find, the better you treat: Red flags for early diag-
nosis of inflammatory bowel disease. Diagnostics (Basel).
2023;13(20):3183. DOI: 10.3390/diagnostics13203183
Feuerstein J.D., Ho E.Y., Shmidt E., Singh H., Falck-
et al.; American Gastroenter-
ological Association Institute Clinical Guidelines
Committee. AGA clinical practice guidelines on the
medical management of moderate to severe luminal
and perianal fistulizing Crohn’s disease. Gastroenter-
ology. 2021;160(7):2496—508. DOIL: 10.1053/j.gas-
tro.2021.04.022

. Siegel C.A., Sharma D., Griffith J., Doan Q., Xuan S.,

Malter L. Treatment pathways in patients with Crohn’s

10.

11.

disease and ulcerative colitis: Understanding the road to ad-
vanced therapy. Crohns Colitis 360. 2024;6(3):0tae040.
DOI: 10.1093/crocol /otae040

Gao P., Huang X., Fang X.Y., Zheng H., Cai S.L.,
Sun A.J., et al. Application of metabolomics in clinical
and laboratory gastrointestinal oncology. World J Gas-
trointest Oncol. 2021;13(6):536—49. DOI: 10.4251/wjgo.
v13.i6.536

Kurada S., Alkhouri N., Fiocchi C., Dweik R., Ried-
er F. Review article: Breath analysis in inflammatory bow-
el diseases. Aliment Pharmacol Ther. 2015;41(4):329—41.
DOTI: 10.1111/apt. 13050

Chu H., Jang K.S., Choi B., Kang J.W., Son C.E.,
Ahn Y.G. Real-time determination of volatile organic com-
pounds [VOCs] by ion molecule reaction — mass spectrom-
etry [IMR-MS]. Instrum Sci Technol. 2022;51(3):260—72.
DOI: 10.1080,/10739149.2022.2123817

Belluomo 1., Whitlock S.E., Myridakis A., Parker A.G.,
Converso V., Perkins M.J., et al. Combining thermal
desorption with selected ion flow tube mass spectrometry
for analyses of breath volatile organic compounds. Anal
Chem. 2024;96(4):1397—401. DOI: 10.1021/acs.anal-
chem.3c04286

Rondanelli M., Perdoni F., Infantino V., Faliva M.A.,
Peroni G., Iannello G., et al. Volatile organic compounds
as biomarkers of gastrointestinal diseases and nutrition-
al status. J Anal Methods Chem. 2019;2019:7247802.
DOI: 10.1155,/2019,/7247802

Maniscalco M., Candia C., Fuschillo S., Ambrosino P.,
Paris D., Motta A. Exhaled breath condensate (EBC)
in respiratory diseases: Recent advances and future perspec-

30

Poc ypH ractposuTepoJt rematon koaonpokros 2026; 36(3) / Rus J Gastroenterol Hepatol Coloproctol 2026; 36(3)



www.gastro-j.ru

Reviews / O630p

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

tives in the age of omic sciences. J Breath Res. 2024;18(4).
DOI: 10.1088,/1752-7163/ad7a9

Mezmale L., Leja M., Lescinska A.M., Pcolkins A.,
Kononova E., Bogdanova 1., et al. Identification of vol-
atile markers of colorectal cancer from tumor tissues us-
ing volatilomic approach. Molecules. 2023;28(16):5990.
DOI: 10.3390/molecules28165990

Di Gilio A., Palmisani J., Nisi M., Pizzillo V., Fioren-
tino M., Rotella S., et al. Breath analysis: Identifica-
tion of potential volatile biomarkers for non-invasive
diagnosis of chronic kidney disease (CKD). Molecules.
2024;29(19):4686. DOI: 10.3390,/molecules29194686
Kozhevnikova M.V., Kakotkina A.V., Korobkova E.O.,
Kuznetsov 1.V., Shestakova K.M., Moskaleva N.E.,
et al. Metabolomic panel for the diagnosis of heart fail-
ure with preserved ejection fraction. Int J Mol Sci.
2025;26(5):2102. DOI: 10.3390,/ijms26052102
Boon-yasidhi P., Karnsakul W. Non-invasive biomarkers
and breath tests for diagnosis and monitoring of chron-
ic liver diseases. Diagnostics (Basel). 2025;15(1):68.
DOI: 10.3390/diagnostics15010068

Nakhleh M.K., Haick H., Humbert M., Cohen-Kamins-
ky S. Volatolomics of breath as an emerging fron-
tier in pulmonary arterial hypertension. Eur Respir J.
2017;49(2):1601897. DOI: 10.1183,/13993003.01897-2016
Makrinioti H., Zhu Z., Camargo C.A. Jr., Fainar-
di V., Hasegawa K., Bush A., et al. Application of me-
tabolomics in obesity-related childhood asthma subtyping:
A narrative scoping review. Metabolites. 2023;13(3):328.
DOI: 10.3390,/metabo13030328

Nojima M., Kimura T., Aoki Y., Fujimoto H., Ha-
yashi K., Ohtake J., et al. A metabolomics-based approach
for diagnosing NAFLD and identifying its pre-condition
along the potential disease spectrum. Livers. 2025;5(1):12.
DOT: 10.3390/Tivers5010012

Spaneél P., Smith D. Quantification of volatile metabolites
in exhaled breath by selected ion flow tube mass spec-
trometry, SIFT-MS. Clin Mass Spectrom. 2020;16:18—24.
DOTI: 10.1016/j.clinms.2020.02.001

de Lacy Costello B., Gould O., Ratcliffe N.M. Bio-
markers in urine and stool. In: Breathborne Biomark-
ers and the Human Volatilome. Amsterdam, Elsevier.
2020:379—408. DOTI: 10.1016,/B978-0-12-819967-1.00024-4
Joustra V., Hageman I.L., Satsangi J., Adams A., Ven-
tham N.T., de Jonge W.J., et al. Systematic review
and meta-analysis of peripheral blood DNA methylation
studies in inflammatory bowel disease. J Crohns Colitis.
2023;17(2):185—-98. DOI: 10.1093/ECCO-JCC/JJAC119
Chen P., Zhou G., Lin J., Li L, Zeng Z., Chen M.,
et al. Serum biomarkers for inflammatory bowel disease.
Front Med (Lausanne). 2020;7:123. DOI: 10.3389/
fmed.2020.00123

Wilson A.D. Application of electronic-nose technolo-
gies and VOC-biomarkers for the noninvasive early di-
agnosis of gastrointestinal diseases. Sensors (Basel).
2018;18(8):2613. DOI: 10.3390,/S18082613

Binson V.A., Subramoniam M. Design and development
of an e-nose system for the diagnosis of pulmonary diseases.
Acta Bioeng Biomech. 2021;23(1):35—44. DOI: 10.37190/
ABB-01737-2020-03

van de Goor R., van Hooren M., Dingemans A.M.,
Kremer B., Kross K. Training and validating a portable
electronic nose for lung cancer screening. J Thorac Oncol.
2018;13(5):676—81. DOI: 10.1016,/j.jtho.2018.01.024
Sanislav T., Mois G.D., Zeadally S., Folea S., Ra-
doni T.C., Al-Suhaimi E.A. A comprehensive review
on sensor-based electronic nose for food quality and safe-
ty. Sensors (Basel). 2025;25(14):4437. DOI: 10.3390/
$25144437

Kiss H., Orlés Z., Gellért 4., Megyesfalvi Z., Mikdczé A.,
Sarkézi A., et al. Exhaled biomarkers for point-of-care diag-
nosis: Recent advances and new challenges in breathomics.
Micromachines (Basel). 2023;14(2):391. DOI: 10.3390/
mi14020391

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Huang Y., Doh I.-J., Bae E. Design and validation
of a portable machine learning-based electronic nose. Sen-
sors (Basel). 2021;21(11):3923. DOI: 10.3390,/s21113923
Tiele A., Wicaksono A., Kansara J., Arasaradnam R.P.,
Covington J.A. Breath analysis using eNose and ion mo-
bility technology to diagnose inflammatory bowel dis-
ease — A pilot study. Biosensors (Basel). 2019;9(2):55.
DOI: 10.3390,/bi0s9020055

Alenzy E., Kandjani A., Shaibani M., Trinchi A.,
Bhargava S., Ippolito S., et al. Human breath analy-
sis; clinical application and measurement: An overview.
Biosens Bioelectron. 2024;278:117094. DOI: 10.1016/
j.bi0s.2024.117094

Walton C., Fowler D.P., Turner C., Jia W., White-
head R.N., Griffiths L., et al. Analysis of volatile organ-
ic compounds of bacterial origin in chronic gastrointesti-
nal diseases. Inflamm Bowel Dis. 2013;19(10):2069—78.
DOI: 10.1097/MIB.0b013e31829a91f6

de Meij T.G., de Boer N.K., Benninga M.A., Lent-
ferink Y.E., de Groot E.F., van de Velde M.E., et al.
Faecal gas analysis by electronic nose as novel, non-inva-
sive method for assessment of active and quiescent pae-
diatric inflammatory bowel disease: Proof of principle
study. J Crohns Colitis. 2014:S1873-9946(14)00285-2.
DOI: 10.1016,/S1873-9946(14)50012-8

Ahmed I., Greenwood R., Costello B., Ratcliffe N.,
Probert C.S. Investigation of faecal volatile organic me-
tabolites as novel diagnostic biomarkers in inflammatory
bowel disease. Aliment Pharmacol Ther. 2016;43(5):596—
611. DOI: 10.1111/apt. 13522

van Gaal N., Lakenman R., Covington J., Savage R.,
de Groot E., Bomers M., et al. Faecal volatile organic com-
pounds analysis using field asymmetric ion mobility spec-
trometry: Non-invasive diagnostics in paediatric inflam-
matory bowel disease. J Breath Res. 2017;12(1):016006.
DOI: 10.1088,/1752-7163/aa6f1d

Bosch S., El Manouni El Hassani S., Covington J.A.,
Wicaksono A.N., Bomers M.K., Benninga M.A., et al.
Optimized sampling conditions for fecal volatile organ-
ic compound analysis by means of field asymmetric ion
mobility spectrometry. Anal Chem. 2018;90(13):7972—81.
DOI: 10.1021/acs.analchem.8b00688

Bosch S., Wintjens D.S.J., Wicaksono A., Kui-
jovenhoven J., van der Hulst R., Stokkers P., et al.
The faecal scent of inflammatory bowel disease: Detection
and monitoring based on volatile organic compound ana-
lysis. Dig Liver Dis. 2020;52(7):745-52. DOI: 10.1016/
j.d1d.2020.03.007

Bosch S., Wintjens D.S.J., Wicaksono A., Pierik M.,
Covington J.A., de Meij T.G.J., et al. Prediction of in-
flammatory bowel disease course based on fecal scent. Sen-
sors (Basel). 2022;22(6):2316. DOI: 10.3390,/s22062316
El Manouni El Hassani S., Bosch S., Lemmen J.P.M.,
Brizzio Brentar M., Ayada 1., Wicaksono A.N., et al.
Simultaneous assessment of urinary and fecal volatile or-
ganic compound analysis in de novo pediatric IBD. Sensors
(Basel). 2019;19(20):4496. DOT: 10.3390,/s19204496
Patel N., Alkhouri N., Eng K., Cikach F., Mahajan L.,
Yan C., et al. Metabolomic analysis of breath volatile or-
ganic compounds reveals unique breathprints in children
with inflammatory bowel disease: A pilot study. Aliment
Pharmacol Ther. 2014;40(5):498—507. DOI: 10.1111/
apt. 12861

Hicks L.C., Huang J., Kumar S., Powles S.T., Or-
chard T.R., Hanna G.B., et al. Analysis of exhaled
breath volatile organic compounds in inflammatory bowel
disease: A pilot study. J Crohns Colitis. 2015;9(9):731—7.
DOI: 10.1093/ecco-jcc/jjv102

Arasaradnam R.P., Ouaret N., Thomas M.G., Qurai-
shi N., Heatherington E., Nwokolo C.U., et al.
A novel tool for noninvasive diagnosis and tracking
of patients with inflammatory bowel disease. Inflamm
Bowel Dis. 2013;19(5):999—1003. DOI: 10.1097/MIB.
0b013e3182802b26

Poc sypH ractposuTepoJi rematon koaonpokros 2026; 36(3) / Rus J Gastroenterol Hepatol Coloproctol 2026; 36(3)



Reviews / O630p

www.gastro-j.ru

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

S4.

55.

Monasta L., Pierobon C., Princivalle A., Martelos-
si S., Marcuzzi A., Pasini F., et al. Inflammatory bow-
el disease and patterns of volatile organic compounds
in the exhaled breath of children: A case-control study
using Ton molecule reaction-mass spectrometry. PLoS One.
2017;12(8):€0184118. DOI: 10.1371/journal.pone.0184118
Dryahina K., Smith D., Bortlik M., Machkova N.,
Lukas M., Spanél P. Pentane and other volatile organ-
ic compounds, including carboxylic acids, in the exhaled
breath of patients with Crohn’s disease and ulcerative coli-
tis. J Breath Res. 2017;12(1):016002. DOT: 10.1088,/1752-
7163/2a8468

Arasaradnam R.P., McFarlane M., Daulton E., Skin-
ner J., O’Connell N., Wurie S., et al. Non-invasive
exhaled volatile organic biomarker analysis to detect
inflammatory bowel disease (IBD). Dig Liver Dis.
2016;48(2):148—53. DOI: 10.1016,/j.d1d.2015.10.013
Keshteli A.H., Madsen K.L., Mandal R., Boeckxs-
taens G.E., Bercik P., De Palma G., et al. Comparison
of the metabolomic profiles of irritable bowel syndrome
patients with ulcerative colitis patients and healthy con-
trols: New insights into pathophysiology and potential
biomarkers. Aliment Pharmacol Ther. 2019;49(6):723—32.
DOLI: 10.1111/apt.15141

Dawiskiba T., Deja S., Mulak A., Zgbek A., Jaw-
ien E., Pawetka D., et al. Serum and urine metabolo-
mic fingerprinting in diagnostics of inflammatory bowel
diseases. World J Gastroenterol. 2014;20(1):163—74.
DOI: 10.3748/wjg.v20.i1.163

Williams H.R., Cox I1.J., Walker D.G., North B.V., Pa-
tel V.M., Marshall S.E., et al. Characterization of in-
flammatory bowel disease with urinary metabolic profiling.
Am J Gastroenterol. 2009;104(6):1435—44. DOI: 10.1038/
ajg.2009.175

Pelli M.A., Trovarelli G., Capodicasa E., De Me-
dio G.E., Bassotti G. Breath alkanes determination in ul-
cerative colitis and Crohn’s disease. Dis Colon Rectum.
1999;42(1):71—6. DOI: 10.1007 /BF02235186

Sedghi S., Keshavarzian A., Klamut M., Eiznhamer D.,
Zarling E.J. Elevated breath ethane levels in active ul-
cerative colitis: Evidence for excessive lipid peroxidation.
Am J Gastroenterol. 1994;89(12):2217—21.

Koek G.H., Verleden G.M., Evenepoel P., Rut-
geerts P. Activity related increase of exhaled nitric oxide
in Crohn’s disease and ulcerative colitis: A manifestation
of systemic involvement? Respir Med. 2002;96(7):530—5.
DOI: 10.1053/rmed.2002.1312

Bodelier A.G., Smolinska A., Baranska A., Dall-
inga J.W., Mujagic Z., Vanhees K., et al. Volatile or-
ganic compounds in exhaled air as novel marker for dis-
ease activity in Crohn’s disease: A metabolomic approach.
Inflamm Bowel Dis. 2015;21(8):1776—85. DOI: 10.1097/
MIB.0000000000000436

Smolinska A., Bodelier A.G., Dallinga J.W., Masclee A.A.,
Jonkers D.M., van Schooten F.]J., et al. The potential
of volatile organic compounds for the detection of active dis-
ease in patients with ulcerative colitis. Aliment Pharmacol
Ther. 2017;45(9):1244—54. DOI: 10.1111/apt. 14004
Kokoszka J., Nelson R.L., Swedler W.I., Skosey J., Ab-
carian H. Determination of inflammatory bowel disease
activity by breath pentane analysis. Dis Colon Rectum.
1993;36(6):597—601. DOI: 10.1007 /BF02049868

Rieder F., Kurada S., Grove D., Cikach F., Lo-
pez R., Patel N., et al. A distinct colon-derived breath
metabolome is associated with inflammatory bowel dis-
ease, but not its complications. Clin Transl Gastroenterol.
2016;7(11):e201. DOI: 10.1038/ctg.2016.57

Li H., Wang K., Hao M., Liu Y., Liang X., Yuan D.,
et al. The role of intestinal microecology in inflammato-
ry bowel disease and colorectal cancer: A review. Med-
icine (Baltimore). 2023;102(51):36590. DOI: 10.1097/
MD.0000000000036590

56.

57.

38.

59.

60.

6

—_

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

. Krishnamoorthy A.,

He P., Yu L., Tian F., Zhang H., Chen W., Zhai Q. Di-
etary patterns and gut microbiota: The crucial actors in in-
flammatory bowel disease. Adv Nutr. 2022;13(5):1628—51.
DOI: 10.1093/advances,/nmac029

Probert C.S., Reade S., Ahmed I. Fecal volatile orga-
nic compounds: A novel, cheaper method of diagnosing in-
flammatory bowel disease? FExpert Rev Clin Immunol.
2014;10(9):1129—-31. DOI: 10.1586,/1744666X.2014.943664
Arasaradnam R.P., Pharaoh M.W., Williams G.J.,
Nwokolo C.U., Bardhan K.D., Kumar S. Colonic fer-
mentation — more than meets the nose. Med Hypotheses.
2009;73(5):753—6. DOI: 10.1016,/j.mehy.2009.04.027
Van Malderen K., De Winter B.Y., De Man J.G.,
De Schepper H.U., Lamote K. Volatomics in inflammato-
ry bowel disease and irritable bowel syndrome. EBioMedi-
cine. 2020;54:102725. DOT: 10.1016,/j.ebiom.2020.102725
Vernia F., Valvano M., Fabiani S., Stefanelli G., Lon-
go S., Viscido A., et al. Are volatile organic compounds
accurate markers in the assessment of colorectal cancer
and inflammatory bowel diseases? A review. Cancers (Ba-
sel). 2021;13(10):2361. DOI: 10.3390/cancers13102361
Chandrapalan S., Ahmed M.,
Arasaradnam R.P. The diagnostic utility of volatile or-
ganic compounds in inflammatory bowel disease: A sys-
tematic review and meta-analysis. J Crohns Colitis.
2024;18(2):320—30. DOI: 10.1093/ ecco-jec/jjad132
Blanchet L., Smolinska A., Baranska A., Tigchelaar E.,
Swertz M., Zhernakova A., et al. Factors that influence
the volatile organic compound content in human breath.
J Breath Res. 2017;11(1):016013. DOI: 10.1088,/1752-
7163/aa5ccS

Kaz A.M., Venu N. Diagnostic methods and biomark-
ers in inflammatory bowel disease. Diagnostics (Basel).
2025;15(11):1303. DOI: 10.3390,/diagnostics15111303
Sagar N.M., Cree I.A., Covington J.A., Arasarad-
nam R.P. The interplay of the gut microbiome, bile acids,
and volatile organic compounds. Gastroenterol Res Pract.
2015;2015:398585. DOI: 10.1155,/2015,/398585
McFarlane M., Millard A., Hall H., Savage R., Con-
stantinidou C., Arasaradnam R., et al. Urinary vola-
tile organic compounds and faecal microbiome profiles
in colorectal cancer. Colorectal Dis. 2019;21(11):1259—69.
DOI: 10.1111/codi. 14739

Mallafré-Muro C., Llambrich M., Cumeras R., Pardo A.,
Brezmes J., Marco S., et al. Comprehensive volatilome
and metabolome signatures of colorectal cancer in urine:
A systematic review and meta-analysis. Cancers (Basel).
2021;13(11):2534. DOI: 10.3390/cancers13112534

Doran S.L.F., Romano A., Hanna G.B. Optimisation
of sampling parameters for standardised exhaled breath sam-
pling. J Breath Res. 2018;12:016007. DOI: 10.1088,/1752-
7163/ aa8a46

Aylward L.L., Hays S.M., Smolders R., Koch H.M.,
Cocker J., Jones K., et al. Sources of variability in biomark-
er concentrations. J Toxicol Environ Health B Crit Reo.
2014;17(1):45—61. DOI: 10.1080,/10937404.2013.864250
Sagar N.M., Duboc H., Kay G.L., Alam M.T., Wicak-
sono A.N., Covington J.A., et al. The pathophysiology
of bile acid diarrhoea: Differences in the colonic microbi-
ome, metabolome and bile acids. Sci Rep. 2020;10(1):20436.
DOI: 10.1038/s41598-020-77374-7

Bannaga A.S., Tyagi H., Daulton E., Covington J.A.,
Arasaradnam R.P. Exploratory study using urinary vola-
tile organic compounds for the detection of hepatocellular
carcinoma. Molecules. 2021;26(9):2447. DOI: 10.3390/
molecules26092447

Marabotto E., Kayali S., Buccilli S., Levo F., Bodini G.,
Giannini E.G., et al. Colorectal cancer in inflammatory
bowel diseases: Epidemiology and prevention: A review.
Cancers (Basel). 2022;14(17):4254. DOI: 10.3390/can-
cers14174254

32

Poc ypH ractposuTepoJt rematon koaonpokros 2026; 36(3) / Rus J Gastroenterol Hepatol Coloproctol 2026; 36(3)



www.gastro-j.ru

Reviews / O630p

Information about the authors

Margarita V. Kruchinina* — Dr. Sci. (Med.), Professor,
Head of the Gastroenterology Laboratory, Leading
Researcher of the Gastroenterology Laboratory, Research
Institute of Internal and Preventive Medicine — Branch
of the Institution of Cytology and Genetics, Siberian Branch
of Russian Academy of Sciences; Professor of the Department
of Propaedeutics of Internal Diseases, Novosibirsk State
Medical University.

Contact information: kruchmargo@yandex.ru;

630089, Novosibirsk, Borisa Bogatkova str., 175/1.

ORCID: https://orcid.org,/0000-0003-0077-3823

Marina F. Osipenko — Dr. Sci. (Med.), Professor, Head
of the Department of Propaedeutics of Internal Diseases,
Novosibirsk State Medical University.

Contact information: ngma @bk.ru;

630091, Novosibirsk, Krasny Ave., 52.

ORCID: https://orcid.org,/0000-0002-5156-2842

Anna V. Khristonko — Resident, Gastroenterology Laboratory,
Research Institute of Internal and Preventive Medicine —
Branch of the Institution of Cytology and Genetics, Siberian
Branch of Russian Academy of Sciences.

Contact information: khristonko.anna@mail.ru;

630089, Novosibirsk, Borisa Bogatkova str., 175/1.

ORCID: https://orcid.org,/0009-0009-2750-6152

Alexander 1. Valuiskikh —  Postgraduate, Research
Institute of Internal and Preventive Medicine — Branch
of the Institution of Cytology and Genetics, Siberian Branch
of Russian Academy of Sciences.

Contact information: valuiskikh99@mail.ru;

630089, Novosibirsk, Borisa Bogatkova str., 175/1.

ORCID: https://orcid.org,/0009-0002-6776-7583

Authors’ contributions

Concept and design of the review: Kruchinina M.V., Osipen-
ko M.F., Khristonko A.V., Valuiskikh A.I.

Collection and Processing of the material: Kruchinina M.V,
Khristonko A.V., Valuiskikh A.I.

Writing of the text: Kruchinina M.V., Osipenko M.F., Khris-
tonko A.V.

Editing: Kruchinina M.V., Osipenko M.F.

Proof checking and approval with authors: Kruchinina M.V,
Valuiskikh A.T.

Ceenenusi 06 aBropax

Kpyunnuna Maprapura BuraibeBHa® — OKTOp MeauIMH-
CKHUX Hayk, mpodeccop, 3aBexayiolas JgabopaTopueil ractpo-
SHTEPOJIOTUN, BeAYIINil HAy4HDBIH COTPYAHUK JTab0paTOpUN
ractpoasnHTtepoJiornu, HaydHo-nccaeoBaTesbCKiii MHCTUTYT Te-
pamun u npoduakTHyeckoit MeauiHel — ¢uuman GIBHY
«DeepadbHbIil UCCIEAOBATENbCKUIT 1IeHTp “VIHCTUTYT 1IUTOJIO-
run u renetnkn” Cubupckoro otmaesnenus Poccuiickoii akaje-
MHUI HayK»; mpodeccop Kadeapbl MPOMeIeBTHKN BHYTPEHHUX
6osesneit, I'BOY BO <«HoBocubupckuii rocynapcTBeHHbIIT
MeUITHCKUII yHUBepcHuTeT» MUHICTEpCTBA 3PAaBOOXPAHEHUS
Poccniickoit Deneparui.

Konrakraast undopmanus: kruchmargo@yandex.ru;

630089, r. HoBocubupck, yi. Bopuca Borarkosa, 175/1.
ORCID: https://orcid.org,/0000-0003-0077-3823

Ocunenko Mapuna @eg0poBHA — JIOKTOP MEIMIIMHCKUX HAYK,
npodeccop, 3aBeayionas Kadeapoil IPoneeBTHKN BHY TPEHHUX
6onesneit, I'BOY BO <«HoBocubupckuii rocyaapcTBeHHbBII
MeUIINHCKUN YHUBEPCUTET> MUHNCTEPCTBA 3PaBOOXPaHEHISI
Poccuiickoit Deneparui.

Konrakraast nndopmanms: ngma@bk.ru;

630091, r. HoBocubupck, Kpacublil npocmekr, 52.

ORCID: https://orcid.org,/0000-0002-5156-2842

Xpucronbko Anna BazentunoBHa — opauHatop Jabopa-
Topum  ractpoaHTeposornu,  Hayuno-mcciegoBarenbcKuit
MHCTUTYT Tepanuu ¥ npoduIakTHYeCKoil MeJuiuubl — ¢du-
mnan DI'BHY «®expepanabHblil  1MCCIe10BATETbCKUN IIEHTP
“Nucturyr uuronorun u reretukn” CUOUPCKOrO OTEJIEHUS
Poccniickoii akajgeMun HayK».

Konrakraast undopmannst: khristonko.anna@mail.ru;

630089, r. HoBocubupck, yi. Bopuca Borarkosa, 175/1.
ORCID: https://orcid.org,/0009-0009-2750-6152

Bauayiickux Anexcanap MWropesmu — acnmpanrt, Hayuno-
UCCIEOBATENbCKUIT WHCTUTYT Tepamnuu 1 TPOMOUIAKTUIECKOIT
meuunabl — duanan GTBHY «Denepasbhblii nccneroBaTeb-
ckuil mentp “Unctutyt mmronoruun u reHetukn’ CuGHpcKoro
oraesenns Poccuiickoil akajeMun HayK».

Konrakraast undopmanns: valuiskikh99@mail.ru;

630089, r. HoBocubupck, yi. Bopuca Borarkosa, 175/1.
ORCID: https://orcid.org,/0009-0002-6776-7583

Bkiaanx aBropoB

Konnemmus u popmymposanue e o63opa: Kpyunuuna M.B.,
Ocunenko M.®D., Xpucronoko A.B., Bamyiickux A.U.

TloaGop u amaaus Jurepatypbi: Kpyunnuna M.B., XpucroHnb-
ko A.B., Banyiickux A. 1.

Hamucanne texcra: Kpyunnuna M.B., Ocunenko M.®D., Xpuc-
TOoHbKO A.B.

PepaxtupoBanue: Kpyunnuna M.B., Ocunenko M.®D.
IIpoBepka BepCcTKH H €€ COIJIACOBaHHE C aBTOPCKHM KOJLIEKTH-
BoM: Kpyunnuna M.B., Banyiicknx A.1.

Submitted: 01.02.2026 Accepted: 10.04.2026 Published: 24.06.2026
Mocrynuaa: 01.02.2026 IIpunsra: 10.04.2026 Ony6amkoBana: 24.06.2026

* Corresponding author / ABTOp, OTBETCTBEHHbIIT 3a TEPEIUCKY

Poc sypH ractposuTepoJi rematon koaonpokros 2026; 36(3) / Rus J Gastroenterol Hepatol Coloproctol 2026; 36(3)



