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ABSTRACT. The review provides an analysis of literature data on changes in the blood microcirculation system
at inflammatory bowel diseases and their impact on the development of general disorders in the body. It explores
the consequences of damage to the inner lining of blood vessels (endothelium) and the slowdown in capillary
blood flow. These processes are being studied because the hemostasis system and blood fluidity (haemorheology)
ensure normal blood supply to tissues, and when these systems are disrupted, perfusion is severely impaired. An
analysis of scientific data allows us to draw a clear conclusion: disruptions in microcirculation and a decrease in
blood fluidity, primarily due to increased clumping of red blood cells and a loss of their flexibility, play a crucial
role in the development of inflammatory bowel diseases. These abnormalities create a vicious cycle: the worse
the blood supply to tissues, the more pronounced the tissue ischemia is, and the more severe the inflammation
is. This combination causes the disease to worsen.
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PE3IOME. B 0630pe npefCcTaB/ieH aHaNu3 faHHbIX NUTepaTypbl 06 N3MEHEHUsIX B CUCTEME MUKPOLMPKYNALMUK
KpOBW Npu BOCNANUTENbHbIX 3a60/1€BaHNAX KULWEYHMKA U UX BIMSIHUM Ha pa3BMTUE OOLLMX HapyLLEeHW B opra-
HU3Me. Pa306paHo, YeM MOXET 06EPHYTbCA TPaBMa BHYTPEHHEl BbICTUNKM COCYA0B (3HAOTENNUA) U U3MEHEHME
CKOPOCTU KanuinspHOro KpOBOTOKA Ha 6onee MeAneHHoe. 3TU NpoLecchl MCCnesyTCs, NOCKONbKY cUCTEMa
reMocTasa ¥ TeKy4YecTb KpoBH (reMopeosniorus) o6ecneynBatoT HOpManbHOe KPOBOCHAGXKEHWE TKaHel, a npu nx
paccTpoiicTBe nepdy3nsi cepbe3Ho HapylaeTca. AHaNM3 HayYHbIX AaHHbIX MO3BOJNISIET CAENaTh OAHO3HAYHbIIA
BbIBOA: COOM B MUKPOLMPKYNALNK U YXYALIEHWNE TEKYYECTU KPOBU, B MEPBYIO 0YEpefb U3-3a NOBbILIEHHOTO CMK-
MaHMa KPacHbIX KNETOK KPOBW M MOTEPU UMK TMOKOCTM, UFPAtOT peLlatoLLyto poib B pa3BUTUM BOCNANUTENbHbIX
3a6oneBaHui KULWEYHNKA. TN HapyLLeHWs NPOBOLUPYIOT NOPOYHDINA KPYr: YEM XYXe KPOBOCHabXeHMe TKaHeil,
TeM 60siee BblpaXeHa TKaHEeBasi MWEMUS U TEM CUIbHEE B HUX MPOTEKAeT BOCManeHue. 3T0 B COBOKYMHOCTH
npoBoLMpyeT 060CTpeHNe 60Ne3HN.

KJNIOYEBDBIE CJIOBA: BocranutenbHbie 3a601eBaHns KulieyHuka, B3K, BA3K0CTb, BOCNaneHmne, KpacHbie KNeTKu
KPOBM, KPOBOCHabXeHMUE

UcTOUHUK PpUHaAHCUpPOBaHUA. ABTOPLI 3aABAAIOT 06 OTCYTCTBUU BHELLUHETO GUHAHCUPOBAHUA MPU NPOBEAEHUN UCCAEAOBAHUSA.
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INTRODUCTION

Inflammatory bowel diseases (IBD), such as
Crohn’s disease (CD) and ulcerative colitis (UC),
represent a serious medical and social problem
in modern gastroenterology. The relevance of
this group of diseases is multifactorial: their etio-
logy remains unclear, the incidence among the
working-age population continues to rise, and the
course of the disease becomes chronic and recur-
rent. The main risk factors include complications
that pose a life-threatening risk to the patient.
The situation is further exacerbated by the lack of
curative treatments and the need for expensive,
long-term therapy. Patients’ quality of life is sig-
nificantly reduced as a result [1].

Currently, there is a trend toward the disease
affecting younger age groups — 20% of all newly
diagnosed cases of IBD occur in children under 6
years of age, and among adolescents, the peak
incidence is between 15 and 29 years of age [2].
Data from various regions of Russia confirm the
global trend of an increasing number of these di-
seases in children.

The significance of Crohn’s disease and ulce-
rative colitis in pediatric practice cannot be over-
stated. These conditions strike children during
their most active period of growth and develop-
ment, a time when the body’s need for proteins,
fats, and carbohydrates — as well as micronutri-
ents and macronutrients — is heightened. As a
result, there is a decrease in appetite, as well as
impaired absorption and metabolism in general;
in the long term, such disruptions in intestinal ab-
sorption inhibit growth, weight gain, and skeletal
mineralization. This leads to delayed puberty, an
imbalance in the child's psycho-emotional state,
and, consequently, reduced social adaptation [3].

THE ROLE OF MICROCIRCULATORY
ALTERATIONS IN THE DEVELOPMENT
OF INFLAMMATORY

BOWEL DISEASE

Despite extensive research, the exact causes
of IBD remain unclear. According to current under-
standing, the disease develops due to a combina-
tion of genetic predisposition and environmental
factors, leading to a disruption in the regulation of
the immune response to the intestinal microbiota
and a loss of control over the inflammatory reac-
tion in the intestinal mucosa [4, 5].
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An important link in the pathogenesis is dam-
age to the epithelial barrier, increased permeabi-
lity, and the development of endogenous intoxica-
tion. These processes have a variety of negative
effects on cellular structures and contribute to
the maintenance of metabolic disturbances in IBD
[6-8].

Although the pathogenesis of IBD has been
studied in considerable detail, there is still no
unified concept explaining the mechanisms of
development and progression of UC and CD. Im-
proving therapeutic efficacy is directly linked to
an in-depth investigation of currently emerging
individual pathogenetic pathways [8]. One such
insufficiently studied aspect is the role of micro-
circulatory disorders.

Chronic inflammation in IBD is a complex pro-
cess involving both immune and non-immune
cells, including components of the microcirculato-
ry bed. The inflammatory process in the intestine
differs fundamentally from that in other organs.
First, UC and CD are characterized by the pheno-
menon of leukocyte hyperadhesion to the vascular
endothelium against a background of microvascu-
lar dysfunction [9]. Second, microcirculatory alte-
rations maintain chronic inflammation through re-
duced tissue perfusion, development of ischemia,
activation of the coagulation system, and angio-
genesis leading to structural tissue remodeling
[10-12].

Structural changes include remodeling and
proliferation of endothelial cells in capillaries
and venules, which contributes to the persis-
tence of inflammation in the gastrointestinal
tract [13]. Experimental and clinical observations
have demonstrated an increased reticular struc-
ture of microvessels, as well as an increase in
their diameter and density in patients with IBD
[14,15].

The severity of endothelial dysfunction cor-
relates with disease severity and activity in both
adults and children [16-19]. Microvascular dis-
turbances are also associated with increased oxi-
dative stress and represent a specific feature of
intestinal involvement in IBD [20].

Perfusion studies demonstrate a reduction in
small intestinal blood flow in CD, depending on
the degree of inflammation [21]. In children with
UC, changes in capillary blood flow velocity in the
duodenum have been identified, which are not as-
sociated with inflammatory markers or disease
activity [22]. The most pronounced reductions in

CHILDREN’S MEDICINE of the North-West

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)



blood volume and flow are observed in CD when
inflammation is combined with fibrosis [23]. In
the active phase of IBD, a significant deteriora-
tion in microcirculatory function is observed com-
pared with remission [24]. Even in UC remission,
an imbalance in mucosal blood supply persists,
and incomplete restoration correlates with local
ischemia [25].

Experimental data confirm that a decrease in
capillary blood flow occurs already in the early sta-
ges of colitis. Impaired microcirculation precedes
chronic histological changes and contributes to
functional disturbances during disease progres-
sion, whereas its improvement is associated with
stabilization of intestinal permeability [26)].

THE EFFECT OF BLOOD
RHEOLOGICAL PARAMETERS
ON MICROCIRCULATION FUNCTION

The functioning of the microcirculatory system
largely depends on the rheological parameters of
blood, with erythrocytes serving as a universal
model for studying the state of cytoplasmic mem-
branes and cellular metabolism [27]. The study of
erythrocyte membrane characteristics and their
functional properties in IBD is of fundamental im-
portance for understanding the pathogenesis of
these diseases.

As the most numerous blood cells, red blood
cells play a key role in microcirculation, ensu-
ring oxygen delivery to tissues and responding to
changes in its local concentration [28]. They de-
termine the rheological properties of blood in the
microvascular bed due to their ability to aggregate
and deform [29].

The process of erythrocyte aggregation is ac-
tively studied in both clinical and basic research
[30-33]. A continuous dynamic “aggregation-
disaggregation” process occurs in the blood, with
disaggregation normally prevailing over aggrega-
tion. When blood flow velocity decreases, erythro-
cytes form linear aggregates, which are disrupted
when shear rate increases [34]. Optimal aggrega-
tion is of great importance for the microcircula-
tory bed, as it regulates venous resistance and
maintains the necessary hydrostatic pressure in
capillaries [35].

The aggregation process is influenced both
by plasma properties and by characteristics of
the erythrocytes themselves. Albumin, immu-
noglobulins, prostaglandins, and other compo-
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nents possess pro-aggregatory activity [36, 38],
with fibrinogen recognized as the most potent
stimulator of aggregation [37]. The formation
of “rouleaux” occurs with the participation of
plasma proteins that create molecular “bridges”
between cells [39-41]. According to the alter-
native “depletion layer” theory, aggregation is
driven by an osmotic gradient [41]. The contra-
dictions between existing theories indicate that
the mechanisms of aggregation remain insuffi-
ciently studied [40].

Important determinants of aggregability include
biochemical, geometric, and biomechanical pro-
perties of erythrocytes, including sialic acid con-
tent, membrane phospholipid composition, and
cell shape [42-44)]. Altered erythrocytes (e.g., echi-
nocytes) can form particularly strong aggregates.

In pathological conditions, a syndrome of in-
creased blood viscosity is observed, characterized
by the formation of stable “clump-like” aggregates
that persist even at high shear rates. Erythrocyte
hyperaggregation is recorded in type 1 and type 2
diabetes mellitus, cardiovascular, oncological,
and inflammatory diseases [44-47], leading to a
reduction in the density of functioning capillaries,
an increase in vascular resistance [48], and im-
paired tissue perfusion [49].

Of particular concern are pathologically strong
aggregates that cannot pass through narrow ca-
pillaries, resulting in blood flow shunting and the
formation of “plasma” capillaries devoid of eryth-
rocytes [50, 51].

The second key rheological parameter is eryth-
rocyte deformability, i.e., the ability of red blood
cells to change shape under flow conditions [52,
53]. Deformability is of fundamental importance
for gas exchange, as it enhances intracellular
oxygen convection [54]. A reduction in deformabi-
lity by as little as 10% significantly impairs tissue
oxygenation [55].

Deformational properties are determined by
the viscoelastic characteristics of the membrane,
intracellular viscosity, and the surface-to-volume
ratio of the cell [56]. Impaired deformability may
be caused by activation of lipid peroxidation,
changes in hemoglobin concentration, or adeno-
sine triphosphate deficiency.

Thus, the rheological properties of blood,
determined by erythrocyte aggregability and
deformability, play a decisive role in ensuring ade-
quate tissue perfusion, gas exchange, and meta-
bolism.
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THE SIGNIFICANCE OF RHEOLOGICAL
ABNORMALITIES IN INFLAMMATORY
BOWEL DISEASES

Studies on the rheological properties of eryth-
rocytes in inflammatory bowel disease remain
limited. Existing data indicate increased eryth-
rocyte aggregation in both active and inactive
forms of CD in adult patients, accompanied by an
increase in fibrinogen concentration during the ac-
tive phase of the disease. A correlation has been
established between rheological parameters and
markers of systemic inflammation, allowing eryth-
rocyte aggregation to be considered a nonspecific
indicator of inflammatory activity in IBD [57].

A significant finding in 2009 was the discovery
of increased strength of erythrocyte aggregates
in IBD patients, correlating with disease activity,
fibrinogen levels, and erythrocyte sedimentation
rate [58]. At the same time, studies using dextran
did not reveal differences in erythrocyte aggrega-
tive properties between patients and healthy in-
dividuals, indicating the preservation of the main
cellular aggregation mechanisms in IBD. These
findings suggest the presence of similar rheologi-
cal disturbances in the intestinal microcirculation
system, which, in combination with endothelial
dysfunction, may lead to tissue hypoxia, intestinal
wall damage, and compensatory angiogenesis.

Disorders of rheological properties in IBD are
not limited to changes in aggregation. Experimen-
tal and clinical studies confirm a persistent reduc-
tion in erythrocyte deformability in both active and
inactive forms of IBD, with the most pronounced
changes during exacerbation [59].

An additional factor aggravating rheological
disturbances in IBD is an increase in plasma
viscosity, particularly pronounced in active CD.
This parameter shows a close correlation with
major markers of inflammatory activity [60].
The combination of these abnormalities such
as increased plasma viscosity, enhanced eryth-
rocyte aggregation, and reduced erythrocyte
deformability leads to a significant deteriora-
tion in blood rheological properties, impaired
tissue perfusion, and progression of intestinal
inflammation.

CONCLUSION

Analysis of scientific data suggests that distur-
bances in microcirculation and blood rheological
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properties play a significant role in the mecha-
nisms underlying the development of inflammato-
ry bowel disease. Of key importance in this con-
text are changes in erythrocyte aggregability and
deformability. The resulting impairments of capil-
lary blood flow initiate a vicious cycle of patholog-
ical processes: the development of ischemia and
tissue hypoxia leads to the exacerbation of the
inflammatory response, which in turn promotes di-
sease progression.

Thus, disturbances in blood rheology and micro-
circulation create a pathological basis for the persis-
tence of the inflammatory process in IBD, forming a
self-sustaining mechanism of disease development.
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